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of us members. 


FALL EXCURSION, 
SepremBer 14th, 1892. 

The Fall Excursion took place at Middleboro, Mass., on Wednesday, 
September 14th, and was one of the most delightful outings in the history 
of the Association. The members were received at the depot and driven 
through the principal streets of the town to the Town Hall where they were 
received by a delegation of ladies under the leadership of Mrs. J. E. Beals, 
each member being decorated with a boutonniere. After a collation was served 
the party visited the pumping station, where the machinery and all surround- 
ings were found to be in excellent order. The party was then driven to Lake 
Assawampsett where a ‘‘shore dinner” was served, which was notable for 
its excellence. From the lake the party was transferred to the top of 
Shockley Hill where a fine outlook was obtained of the chain of Middleboro 
ponds which taken collectively form the largest body of fresh water in the 
state. After the return trip to the depot a vote of thanks was tendered to 
all the entertainers in Middleboro who had done so much for the enjoy- 
ment of the members of the Association. 

This excursion serves as a practical illustration of what a small town can 
do in the way of entertainment. The programme was carried out by the 
entertainers with a life and vim which many a more pretentious affair has 
lacked, and the entire party was enthusiastic over the result, The follow- 
ing is the list of those who were present : 


Solon M. Allis, Supt., Malden, Mass.; Richard W. Bagnell, Plymouth, 
Mass.; Lewis M. Bancroft, Chairman Water Commissioners, Reading, Mass. ; 
Joseph E. Beals, Supt., Middleboro, Mass.; Nathan B. Bickford, Supt., W. 
W. 0. C. BR. R., Boston, Mass.; Dexter Brackett, Asst, Engineer, Boston, 
Mass.; George F. Chace, Supt., Taunton, Mass.; E. J. Chadbourne, Supt., 
Holbrook, Mass.; R. ©. P. Coggeshall, Supt., New Bedford, Mass.; H. W. 
Conant, Supt., Gardner, Mass.; Lucas Cushing, Asst. Supt., Boston, Mass.; 
Francis W. Dean, Mechanical Engineer, Boston, Mass.; Frank L. Fuller, 
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Civil Engineer, Boston, Mass.; W. J. Goldthwait, Marblehead, Mass. ; Frank 
E. Hall, Supt., Quincy, Mass.; E. A. W. Hammatt, Civil Engineer, Boston, 
Mass-; L. M. Hastings, City Engineer, Cambridge, Mass.; Ansel G. Hayes, 
Asst. Supt., Middleboro, Mass.; Horace G. Holden, Supt., Nashua, N. H.; 
David B Kempton, Commissioner, New Bedford, Mass.; Patrick Kieran, 
Supt., Fall River, Mass.: Wilbur F. Learned, Asst. Engineer, Boston W. W., 
Watertown, Mass.; Eugene P. LeBaron, chairman, Middleboro, Mass. ; 
dames W. Morse, Supt. Natick, Mass.; Hiram Nevons, Supt. Cambridge, 
Mass.; Edward C. Nichols; Commissioner, Reading. Mass.; Charles E. 
Pierce, Supt., East Providence, R. I; Henry W. Rogers, Supt., Haverhill, 
Mass.; Daniel Russell, Everett, Mass.; Frederick P. Stearns, Chief Engineer 
State Board of Health, Boston, Mass.; D. N. Tower, Supt., Cohassett, Mass. ; 
Horace B. Winship, Civil Engineer, Norwich, Conn.; George E. Winslow, 
Supt., Waltham, Mass.; C. J. Underwood, Jr., The Engineering Reeord, New 
York city; J. G. Lufkin, National Meter Co., New York city; F. E. Stevens, 


Peet Valve Co., Boston, Mass.; N. F. Ryder, Varnish, Middleboro, Mass.; 
J. B. K. Otis, Union Water Meter Co., Worcester, Mass.; J. G. Reaser, Wal- 
worth Mfg. Co., Boston, Mass.; H. T. Duke, R. D. Wood .& Co., Philadel- 
phia, Penn.; H. A. Gorham, the George Woodman Co., Boston, Mass. 


GUESTS. 
Mrs. L. M. Bancroft, Reading, Mass.; Mrs. J. E. Beales, Middleboro, Mass. 
Mrs. N. D. Bickford, Boston, Mass.; Mrs. George F. Chace, Taunton, Mass. 
Mrs. E. J. Chadbourne, Holbrook, Mass.; Mr. and Mrs. Dexter, Holbrook, 
Mass.; Mrs. F. L. Fuller, Boston, Mass.; Mrs. F. E. Hall, Quincy, Mass.; 
Henry Howard, New Bedford, Mass.; Mrs. D. B. Kempton, New Bedford, 
Mass.; H. L. Lincoln, Cambridge, Mass.; Mrs. H. W. Rogers, Haverhill, 
Mass-; Mrs. Daniel Russell, Everett, Mass ; Mrs. D. N. Tower, Cohassett, 
Mass.; Miss Smith, Cohassett, Mass.; E. A. Stevens, Jr., Middleboro, Mass. ; 
A. R. Turner, Jr., Middleboro, Mass. 


LAYING A SIPHON UNDER BROOD CANAL, CAMBRIDGE. 


Joun L. Hargrneton, Foreman, Cambridge, Mass. 


I have felt for sometime that many of the annual reports of our. depart- 
ments might be made more interesting and instructive if the Manager or 
Superintendent saw fit to incorporate into them some account of special 
work performed by him, as it is not the large but small things we are look- 
ing for. With this fact in mind, I make the following description of the 
laying of a so-called inverted siphon under Brood Canal in Cambridge. 
After the disastrous fire which consumed the buildings of the Damon 
Safe works, an economical opportunity was afforded the city to extend First 
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street to Main street by taking a small piece of land and building a bridge. 

So First street was laid out, and an opportunity given to connect the two 
easterly extremities of our water system, thereby establishing a much 
needed circulation ; and early in the present year, the Water Board de- 
cided to lay a 12in. pipe, making this connection. It is in this line that 
the siphon was laid. 

The plans were made by City Engineer L. M. Hastings, and contem- 
‘plated the laying of-the siphon under the bridge in place of at one side, for 
the better protection of the pipe, and in consideration of its cost. 

I say inverted siphon, knowing as we all de that no such thing can be; “A 
siphon is the oldest device for transferring water or other liquids toe a lower 
level over a barrier,” and the moment we invert it, it ceases to be a siphon. 
But the expression being usual, as applied to such work, I so refer to it. 

Brood Canal is an artificial channel leading west from Charles River near 
West Boston bridge. In it the tide rises and falls about 10 feet. On either 
side is a sea wall, the distance between being 114 feet. The soil ismud on 
top, with fine sand below. 

The siphon is made up of 12-inch cast iron pipes, with the Ward flexible 
joint for the horizontal part, and the ordinary bell joint for the vertical 
parts, and stretches across under the canal, within 5 feet of the walls up 
and through them, the total weight being about nine tons. The pipes of 
the Ward pattern weighed 1400 lbs. each. 

Generally speaking, the form is five sides of an eight sided figure, built 
that way to give it greater depth at the draw, and less depth at the walls, so 
as not to weaken them. 

Because of this form the flexible joint was used. Otherwise a coffer dam 
or staging would have been necessary, in either case, at an additional ex- 
pense. 

Preparatory to sinking the siphon a trench was scooped out across the 
canal, perhaps 20 feet in width and 9 feet below low water, at its greatest 

_depth, this width being necessary, as it seemed best to work the dredger 
parallel with the sides of the canal, and in this position, the sliovel swung 
at a radius to give that width. 

This trench limited our working time to three hours before and after high 
tide ; otherwise the scows were liable to ground on the edge and topple in. 
We also found it advisable to work quickly, as the action of the water rap- 
idly filled in the trench. A delay of two days, caused by a storm, made 
necessary the services of a diver, to hoe out the deposit, before the siphon 
would settle home. 


The siphon was put together upon four scows, in two sections, as the 
time at our disposal made it impossible to do more than one section a day 
by daylight. 

To lay the pipe over the end of a scow as is usual with the flexible joint 
where the length of pipe to be laid is considerable, and no danger of 
grounding and dumping the work overboard, is possible, was not practi= 
cable in our case. 
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February 29, two 60 feet scows were brought upand placed parallel within 
2 feet | of each other, and secured in that position. 

These scows were of the common pattern and have but a narrow platform 
on either side, perhaps 2 feet in width, the centre being open to receive 
mud. Our work was all done on these two platforms and between them. 
As the weight on these edges tended to list the scows, other pipes were 
placed on the opposite sides and rolled in toward the centre, when the 
siphon was let go. 

As soon as the horizontal pipes of one section were made up, it was 
towed out into the river, where it could float, without grounding, until 
called for. That part of the vertical ends,which were sunk with the hori- 
zontal parts, was made up withoutshem. 

March Ist thesecond section was towed out and the following day we 
intended bringing both sections in, placing them end to end across the 
canal, making up ‘and dropping the whole into place, but a severe storm 
came on at this time, and for two days no work could be done. No damage 
was sustained, and on March 4th the siphon was brought in and with the 
use of seven derricks was dropped into position. This was just as the 
tide was turning, so as to give us time to correct any miscalculation, if 
occasion required. This part of the work was accomplished inside of three 
days, leaving out of consideration the stormy ones. 

It was the work of two days more to extend the ends up and through the 
walls, and set gates, one on each side of the canal. We were now ready 
to test, after which the Vertical ends were boxed up and filled in with hot 
coal tar and gravel. ‘ 

To test we made a connection with the street main, but finding the pres- 
sure dropped off, indicating aleak, we subjected the siphon to air pressure 


and judging from the bubbles appearing on the surface of the water, we a 
located the leaks (for there were two of them) atthe joints where the P 
smallest angles were made; one on each side of the canal near the ends. st 
A diver hammered up the joints, as best he could under the circumstances, , iy 
and we afterward secured a satisfactory test, though it was deemed wise tc 
to put a quantity of oat meal in the siphon and allow it time to soak well la 
into the joints. 

It may be inferred the joints were badly run or improperly driven. I 
personally saw the pipe laid in a straight line. Each joint run without 0! 
packing of any kind, and no lead escaped from a jeint into the pipe, show- To 
ing the pipes were driven home, and all were properly hammered. I am th 
unable to determine the cause of these leaks, provided we assume the of 
flexible points used were perfect joints. Most of them evidently were. er 

It ought not to have been, because of any strain, for these joints are ea 
specially made to stand such. pl 

Mr. Townsend, the contract diver, described a case where a line of 6-inch Te 
pipe was laid with a flexible joint. When the test was applied a leak of | 
considerable consequence was discovered, and numerous ways of stopping th 
it were tried. He finally succeeded by sinking an anchor on the beach, th 


attaching a tackle to it from the end of the pipe, and taking up the slack in 
the joints. 
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_ The finished siphon cost $1,694 89. Following is alist of the items, which 
go to make up the cost: 


New England Dredging Co ; 
26 ft. Cast Iron Pipe at $1.04 
Boxing 
2 12-inch Elbows at $10.50 
2 12-inch Tees at $15.65 
2 12-inch Gates at $42.41 
2 Iron Boxes at $4.50 
600 Ibs. Lead at .05 


7 Days’ Teaming 


$1694.89 


s 
We now have the siphon laid and the pressure ison, and I desire to de- 
vote a few moments to an attempt to explaif some of the details. 


When the siphon was dropped, the vertical ends stood but a few inches 
above the surface of the water at low tide. As the siphon was dropped 
at high tide, these ends were not visible, and it was necessary they should 
stand plumb. To accomplish this we drove a 12-inch wooden plug, one 
in each end, and into these plugs set a piece of 4-inch joist, long enéugh 
to show several feet above the water. By observing these sticks, we regu- 
lated the position of things below. 


When the siphon was building, it lay between the scows, so the load came 
on the edges nearest together. When it was raised a few inches that the 
ropes and planks might be removed. long enough to allow it to drop below 
the platforms, the tendency was to separate the scows and spread the legs 
of the derricks. To overcome this, an iron rod was used, bent at both 
ends, so as to hook around the derrick legs, just over the pipe, one rod to 
each derrick. Before the siphon was dropped to the bottom, the ropes and 
planks were replaced, making all secure again. These rods were afterward 
returned to the blacksmith, and only the labor on them charged. 


How to remove the tackles in 19 feet of water and not cut the ropes was 
the next question. It was done with the use of iron rings, placed around 
the pipe, one ring for each tackle, and they were left on the pipe. 
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These rings were of 1-inch round iron, 16 inches in diameter, and to each 
was attached a strong cord, long enough to reach to the surface of the water 
after the pipe was sunk, and it was fastened to a wooden float. This cord 
served to lift the rings clear of the top of the pipe, giving two inches of 
space, so as to get a hook under it, if occasion required after the siphon 
was sunk. . 


To connect these rings with the tackle block hooks, a special hook was 
made. ; 


To get an idea of what it was like take two pieces of 1-inch round iron 
about eight inches long; bend a right angle in each of them ; weld one arm 
of one of these pieces to one arm of the other, and we have one piece 
(Fig. 1) looking like a section of a short pair of stairs, with two rises and 
two treads. Atthe point where the pieces were joined, weld on a small 
ring, into which the hook of the tackle block is to catch. The lower hori- 
zontal arm is to take hold under the rings on the pipe. On the upper 
verticle arm, cut a thread to take an inch coupling, and you have the device. 


Into this coupling a piece of l-inch pipe was made, the pipe being long 
enough to reach above the surface of the water, when the siphon was 
bedded, and was used to remove the special hook with the tackle from the 
rings at the proper time. This whole arrangement served not only to save 
cutting the tackles but placed us in such a position, that should it become 

- necessary, from any cause to move the siphon after it had once been sunk, 
the tackles could be put on again without difficulty, and the siphon moved 
in whatever direction desired. 
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Seven of these hooks were required. Long rope straps were used, one 
to each tackle, and the straps on the two vertical ends were left on. 


Sigher 
Stphon on scorns. 


} 
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Siphon in place. 
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THE EFFECT OF THE AERATION OF NATURAL WATERS. 


BY 


Pror. Toomas M. Drown, Massachusetts Institute of Technology, Boston. 


It is a very common belief that water deprived of air will deteriorate in 
the quality and become unfit for use and that the onlf way to maintain its 
purity is to keep it freely exposed to the air. The mountain stream which 
breaks over rocks and stones is thought to be a good illustration of the in- 
timate connection between the aeration of water and its purity. 

On the other hand, it is not generally known that the waters of many 
deep wells which we prize for their high purity, their clearness, coolness 
and good taste, contain no air, and have been preserved in this condition 
in the earth, for aught we know, for centuries, There is clearly a need of a 
clarification of our ideas on this subject. 

Pure water, preserved from contact with organic matter, remains un- 
changed indefinitely. If exposed to the air it dissolves a definite amount 
of the gases of which the air is composed—nitrogen, oxygen and carbonic 
acid—the amount dissolved being dependant upon temperature and pres- 
sure. If the pressure is removed, or if the water is boiled, the gases es- 
cape, to be reabsorbed when the water is exposed to the air again at ordi- 
nary temperatures ; but in no sense does the air exert any preservative 
action on the water or tend to keep it ‘‘fresh” or ‘‘sweet.” 

The condition of affairs is, however, entirely changed when water con- 
tains organic matter which is capable of undergoing decomposition. The 
familiar process of the change of organic into mineral matter by decom- 
position is one of oxidation, and the necessity of the presence of air to 
carry on this change is well understood. The breaking up of organic 
matter when oxygen is not present is one of pene, the products of 
which are usually very offensive. 

The analogy between the comparatively slow process of oxidation in 
nature and the destruction of organic matter by combustion has seemed to 
.justify the inference that we can hasten the former as we can the latter by 
increasing the supply of oxygen. Acting on this assumption, it is not un- 
common in water works practice to aerate the water by causing it to flow 
over a series of steps, or by forcing it into the air as a fountain, or by 
pumping air under pressure into the distribution system. Whatever the 
method employed for aerating the water, the idea behind it is that the water 
will be thereby purified by oxidation to a degree beyond that which would 

- take place if the water were exposed to the air on the surface only. ; 
During the past two years numerous experiments have been made in the 

laboratory of the Massachusetts State Board of Health to test this theory of 

accelerated oxidation, and all the experiments have given negative results. 

The question, let it be clearly understood, is not one of supplying oxygen 

to an impure water like sewage, which contains no oxygen, but this: 

Will an impure water, which contains at all times more or less free oxygen 
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in solution be purified more rapidly by oxidation if the amount of oxgyen 
is increased by spraying the water or by pumping air into it; can the 
natural process of oxidation be hastened by these means? Itis to this 
question that the experiments give a negative answer. If we look for 
the cause of this failure to hasten oxidation by increasing: the amount 
of oxygen we find that it rests in the inherent nature of the process, a 
process which is only remotely analogous to the chemical process of com- 
bustion. In combustion we have the direct chemical combination of 
carbon and hydrogen with oxygen, and, by varying the supply of oxygen, 
we can at will make the combustion slow or rapid. The case is entirely 
different in the oxidation of organic matter in nature. Here we have to do 
with the living activity of bacteria, which, in some way not fully under- 
stood, causes first the carbon and hydrogen of the organic matter and then 
the nitrogen to combine with oxygen. This process can only be hastened 
by increasing the number of bacteria, or by providing more favorable con- 
ditions for their activity. Thus we know that the temperature at which 
bacteria are most active differs with different species, but we have no evi- 
dence that, provided some free oxygen is present, the activity of the bacteria 
of decomposition is in the least affected by its amount. Here the analogy 
of bacterial oxidation and combustion ceases. 


The first series of experiments was made to ascertain whether there was 
any change in the nitrogen compounds in waters under different conditions 
of aeration, namely : 

(1.) By exposing water contained in bottles to the air of the room. 


(2.) By drawing a current of air through the water by means of an 
aspirator. 

(3.) By shaking the water with air ina bottle in a shaking machine 
driven by an electric motor, the air beingrenewed from time to time by 
removing the stopper from the bottle. 


(4.) By exposing the water to air under a pressure of 60 to 75 Ibs, per 
square inch in soda water siphons. 


The results of the following experiments, shown in Tables I. and II. are 
given as typical of several that were made: 


Table I. — Results of Aeration of Water by a Current of Air Drawn 
Through the Water ina Flask by Means of an Aspirator,* by Air Under 
Pressure, and by Shaking the water with Air in a Bottle. 


*The air used for aspiration was taken from outside the building. The air of laboratories 
where gas is burned contains enough nitrogen in the form of nitrites to vitiate an experi- 
ment of this character. 


It was found that there was a very small amount of free ammonia taken up by pure water 
from the air in the cases of prolonged aeration. 
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First Experiment With Cochituate Waters. 
( Parts per 100,000. ) 


Albu- Nitro- Nitro 
Free minoid gen- gen- 


am- am- as ni- as ni- 
monia. monia. trites. trates. 


After standing in open bottle for 48hours. .0008  .0176 .0005 .0250 
After aerating by current of air for 48 .. 


After standing in open bottle for 
hours .. .0158 .0002 .0250 


After standing 494 hours ‘end then | aera-. 
ting by a current of air for 167 hours. .0026 .0156 .0002 .0250 
Fourth wen with Cochituate Water. 


After standing 72 hours.................. -0016 .0152 .0002 .0300 
After aerating 72hours .... ..........-. .0024 .0142 .0002 .0200 
After being under pressure of 75 Ibs. for.. 


Table Il. —Experiments with Cochituate Water to Which a Small Amount 
of Sewage has been added. 
(Parts per 100,000.) 


The variations in the amounts of albuminoid ammonia and the nitrates in 
these experiments are in general too small to have any significance, and 
fall, in most cases, within the limits of accuracy of the processes used. 
The loss of free ammonia when the water is aerated is an instance of the 
driving out of one gas by another. Ammonia cannot be completely re- 
moved in this way, but when itis present in considerable amount in a 
water the effect of aeration bya current of air is very marked. When 
sewage is thus aerated a very considerable amount of free ammonia passes 
out with the air. 

In some cases the changes in the amounts of nitrogen compounds are 


After standing 6}hours. ................ 

q After standing 42 hours...... ............ 0664 .0372  .0002 .0380 
After standing 7 days..... -0766 .0226 .0002 *.0050 
After shaking 6 hours...... 0740 0002 .0250 
q After being under pressure of 75 Ibs. for.. 

After aerating 42 hours ................. -0400 .0402 .0003 .0260 


*This decrease in nitrates may have been possibly due to the growth of algae in the bottle. 
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not easy to explain as the result of any particular treatment. The problem 
isa complex one. On the one hand we have the tendency of the organic 
nitrogen to pass into ammonia, and the ammonia to be oxidized to nitrates, 
and, on the other, the influence of vegetable organisms in directly assimi- 
lating the nitrogen of the ammonia and nitrates. Still, the results, as a 
whole, show plainly that the aeration of water containing nitrogenous matter 
and ammonia in considerable amount has no tendency to accelerate the oxi- 
dation of the nitrogen. 

In the foregoing experiments the nitrogen compounds only were investi- 
gated. The oxidation of the carbon of the organic matter represented by 
the albumnoid ammonia would have as a result the formation of more free 
ammonia; but, as any inference based on the amount of free ammonia 
might be complicated by its partial removal by aeration, a series of experi- 
ments were made to ascertain directly whether any carbon was oxidized by 
vigorous aeration. In this series only air under pressure was used, and the 
evidence of the oxidation of carbon was obtained by the ‘‘oxygen con- 
sumed” from permanganate, which oxidizes only carbon and hydrogen of 
organic matter. not nitrogen. Should any considerable oxidation of the 
carbon take place by the oxygen of the air under pressure there would be a 
considerable reduction of the amount of permanganate used, or of the 
“oxygen consumed.” 

The results of these experiments are given in Tables III. and IV. as 
follows: 

Table III.—Experiments on the Aeration of Cochituate Water by Air 
Under Pressure of 70 Lbs. per Sq. In. 


(Parts per 100,000. ) 


Oxygen consumed from per- 
manganate. 


Without press- 
ure, standin, Under 70 
Ibs. pressure 


488 
-452 


Table IV.—Experiment on the Aeration of Sewage Diluted with Dis- 
tilled Water.* 
(Parts per 100,000. ) 
Oxygen from per- 
Without press- 


ure, standi MB 70 
in open bot lbs. pressure 


Original 1 part ; water, five parts).. .913 
After 6 days... -955 
After 16 days d -700 


*The results of the many more experiments in both series will be found in full in the re. 
port of the Massachusetts State Board of Health, now in press. 


4 
4 
4 
4 
é 
t 
| 


100 JOURNAL OF THE 


Here, as in previous series, we find that no more rapid oxidation goes on 
when the air is under pressure in the water than when the water is exposed 
to the air at the surface. It may be fairly concluded from the above experi- 
ments that oxidation of the elements which go to make up organic matter 
is a process which can not be hastened by offering the bacteria, which are 
the active agents in the process, an excess of oxygen. Their activity is not 
stimulated in this way. 

This is in accord with the interesting investigation of Dr. A. R. Leeds, 
who examined the water above and below Niagara Falls and found no differ- 
ence in the free ammonia, albuminoid ammonia and oxygen consumed after 
this vigorous aeration. An interesting confirmation of the results of these 
experiments may also be found in the special report on Sewage Purification 
(Massachusetts State Board of Health, 1890) in which (pages 730-734) is 
given an account of experiments to determine the amount of air necessary 
for a good purification of the sewage by oxidation in intermittent sand 
filtration. When the atmosphere in the sand of the filter contained from 
1 to 3 per cent. of free oxygen the oxidation was as complete and rapid as 
when 20 per cent. or the full amount of the atmosphere, was present. 

Although the strictly chemical theory of oxidation in the aeration of 
water will have to be abandoned it does not follow that the practice of 
aeration is not without good effect. It is a well known fact that one soluble 
gas passed in a current through water will drive out other soluble gases 
which may be present in it, provided there is no chemical combination be- 
tween the water and gas. The same effect,is accomplished by exposing 
water with any gas in solution to an atmosphere of another gas. Thus 
when we passa current of air through water containing sulphuretted hy- 
drogen in solution, the latter is completely driven out, and an offensive 
water becomes entirely odorless. This is not a case of oxidation, for a 
current of carbonic acid will effect the same result. In the same way a 
water which has temporarily a bad odor from an excessive development of 
algae, or infusoria, can be rendered quite odorless by sufficient aeration. 
Even sewage loses its odor when aerated by a current of air for many hours 
In these cases the only change effected is the mechanical renfoval of the 


" soluble gas which is the cause of the odor. 


There is another good_effect of aeration where it is accompanied by agi- 
tation of the water, namely the prevention of the growth of algae with 
their attendant bad tastes and odors. Asis well known it is only in the 
comparatively quiet waters of ponds and reservoirs that this annoyance 
from excessive development of vegetable growth is met with. Moving 
waters are free from this trouble. It seems a not unreasonable explanation 
of the fact that an excessive growth of algae is sometimes stopped by con- 
tinuons aeration to attribute it to the agitation of the water. 

The most rapid means of aerating water are, first, by pumping air into 


- it under pressure, the excess of ait escaping when the pressure is removed 


second, by breaking it into spray by providing a series of falls, or by means 
of a fountain jet, or, third, by a fall, in a pipe of similar construction to 
an injector. But these violent methods of supplying oxygen are not neces- 
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sary if there is circulation in the water of a pond or reservoir or all 
the water in turn is axposed on the surface to the atmosphere. 

On the advent of warm weather in the spring of the year the water of any 
pond over 20 feet deep may become stagnant at the bottom, and if the 
water contains decomposible organic matter the oxygen in solution is soon 
consumed and no more can be obtained from the atmosphere. Under these 
conditions this stagnant layer becomes very foul from putrefaction. This 
matter has been very fully studied in the case of Jamaica Pond, Boston, and 
is described in the report of the Massachusetts State Board of Health on 
the Examination of Water Supplies, 1890, and also in the forthcoming re- 
port for 1891. 

But the water in the stagnant layer does not become foul unless there is de- 
composible organic matter present. Thus, in Basin 4 of the Boston water- 
works, which was carefully prepared for the reception of the water by the 
removal of all soil and vegetable matter, and is supplied with a brown swampy 
water from a water-shed almost entirely free from population, the water is 
good at a depth of 40 feet, because the water contains very little organic mat- 
ter with a tendency to decomposition. 

The water is permanently stagnant during the summer months only below 
a depth of about 20 feet, because it is turned over by strong winds to this 
depth in ponds of 100 to 200 acres area. But water may be temporarily stag- 
nant at a less depth in the absence of strong winds. In some ponds we have 
found oxygen to be absent at a depth of 10 feet, and the water to contain much 
free ammonia and other products of decomposition, which were absent in the 
layers nearer the surface. 

In cases where it would be possible to bring about a circulation of an 
entire body of water during the warmer months, so that the lower layers 
would be brought to the surface and stagnation prevented, we would have 
effective aeration of the water with the prevention of the accumulation of pro- 
ducts of decomposition. 

In the case of ground water it is now well understood that the more directly 
from the ground it is supplied to the consumer the more acceptable it is. It 
needs no aeration. In fact, its storage in open reservoirs results often in the 
conversion of a cool, dlear, palatable water into one. which is repulsive to 
sight, taste and smell. 

There is, however, one class of ground waters, not infrequently met with, 
which are only fit to use after they have been exposed to the air; namely, 
waters which contain considerable iron in solution in the form of protoxide. 
These waters deposit iron oxide on standing, owing to their absorption of 
oxygen from the air. Aeration in connection with settling basins or filter 
beds, might make waters of this class available for general use. 

To resume : 

(1). The oxidation of organic matter in water is not hastened by vigorous 
agitation with air or by air under pressure. 

(2). The aeration of water may serve a useful purpose by preventing stag- 
nation, by preventing the excessive growth of algae, by removing from water 
disagreeable gases, and by the oxidation of iron in solution. 
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DISCUSSION. 


Tue Presmpent. Prof. Drown’s paper has given us a large amount of 
valuable information, and I would be pleased to hear something from Mr. 
Stearns upon this subject. 

Mx. Stgzarys. This paper is very opportune, coming from such a source 
to tell us what aeration can do and whatit cannot do, because I think 
there has been a great deal of doubt on this question in the past. It 
seems very clear from the paper that in the case of water that has oxygen 
in it, as all surface waters do,,there is really no need of any aeration what- 
ever. Prof. Drown refers to the fact that bad smelling gases in water 
may be driven out by the introduction of air. I know an instance of this 
kind where water was taken in Provincetown froma driven well. This 
water came from a peculiar formation, which had been made by marine 
vegetation and sand blown ip over it, and it hada very strong odor of sul- 
phuretted hydrogen. By putting it in a bowl and stirring it for ten min- 
utes, giving it in this way a free exposure to the air, that odor entirely 
disappeared, while at first it smelt so strong that a person was careful to 
get to the windward side of the pump. 

With reference to the stagnant water that is priate found in the bottom 
of deep reservoirs and ponds in summer, I have made some attempt in the 
past to show why it is desirable to take water from the upper layers and not 
to get down into the stagnant water where the oxygen is used up; but last 
summer in several places they drew the whole of the upper layer off and 
then came down to the lower one which was stagnant, and they had to 
take that. That is, to go into matters which I have before spoken about, 
the surface layers are continually improving in the summer, because the 
algae and other growths gradually sink down into the bottom layers where 
there is no circulation, and where the oxygen soon gets used up by the de- 
composition of these algae, so the surface layers are all the time improving 
and the bottom layers getting bad through this putrefactive decomposition. 
It therefore seems desirable for any one to so plan his storage reservoirs 
as not to have to use that part of the water which is down more than 20 
feet below high water mark, and it might possibly be a question ( where 
it is necessary to draw deeper) whether it would not be desirable to pro- 
duce a constant circulation through the summer. I don’t know, however, 
as it is a practical thing to do. 

With reference to iron in ground waters I understand that it occurs 
almost always in the vicinity of swamps and places where all the oxygen 
in the ground is used up by the decomposition of the vegetable matter, and 
the iron is in a ferrous state and soluble. In cases where it is necessary to 
use a water of this kind it is very desirable to aerate it thoroughly and filter 
it or give it a chance to settle before being used as a water supply. In 
cases where this condition exists to any great extent the State Board of 
Health has recommended the town to select a source where the iron was 
not present, thinking this course better than trying to purify such water. 
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THE PURIFICAZION OF DRINKING WATER BY SAND FILTRATION : 
ITS THEORY, PRACTICE, AND RESULTS; WITH SPEC- 
IAL REFERENCE TO AMERICAN NEEDS AND 
EUROPEAN EXPERIENCE.* 


WuimM, T. Sepewicx, Pa. D., Professor of Biology, Mass. Institute of 
Technology, Boston, and Chief Biologist to the State Board of 
Health of Massachusetts. 


It has become an axiom, that one of the fundamental sanitary require- 
ments of civilized communities is an abundant supply of pure water. Tothe 
tequirement of abundance American communities have been quick to re- 
spond. The statistics of American water works testify to the energy and 
spirit which have furnished thousands of our cities and towns with bounti- 
ful supplies of water and with water works both extensive and costly. 

There is reason to believe, however, that we have given hitherto rela- 
tively too much attention to water works and not enough to water. In meet- 
ing the requirement of abundance we have done well; but in the equally 
_ fundamental and equally important requirement of purity of our water sup- 

plies we have too often failed. It is humiliating but it is true tha the sani- 
ttary condition of many of our otherwise excellent water supplies is today 
discreditable to American science, American engineering and American civili- 
zation. So long as the water supplies of important cities like Chicago, 
Philadelphia, Albany, Lowell, Lawrence and St. Louis remain in their 
present condition so long will they constitute a blemish upon our fair 
civilization. 

A city or town may dig wonderful saints it may build great water 
works or buy magnificent pumps, but if any or all of these convey impure 

-water from fouled lakes or polluted rivers, if they occasionally deliver to 
the confiding citizen in his work shop or in his home the deadly germs of 
disease they must be set down by all sane persons as lamentable failures, 
because dangerous to the public health. - 

It is worth our while to inquire how it has come to pass that so 
many cities splendidly equipped with water works and ably officered, are 
still supplied with water that is obviously polluted with raw sewage and 
is shown by statistics to be a carrier of the germs of specific disease. The 
only explanation that I have been able to discover is the following. 

Until lately the selection of sources of water supply has been largely 
influenced by the belief that impure water quickly, naturally, and effectually 
purifies itself. Again, we have often failed to foresee the growth of our own 
or of neighboring populations, and therefore the consequent difficulty of 
maintaining the purity of natural sources of supply, such as lakes and 


*An Address (illustrated stereopticon), delivered at the Annual Meeting, in Holyoke. 
Mass, June 10, 1992. 
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rivers, The latter fact is the more remarkable because as a people we have 
never failed to proclaim the future greatness of our cities, or the rapid 
strides of our population. Yet we may well believe that Chicago would 
have adopted a different system of water supply, if when it began to dig 
the first lake tunnel it had dreamed of its future greatness. We can 
easily believe that Philadelphia, Albany, Lowell, Lawrence and St. Louis 
would have sought other sources or means of supply if when their water 
works were introduced they had known that the self-purification of 
rivers is only a half-truth, and that by the use of unfiltered river water 
they might make typhoid fever virtually endemic within their borders. 

We are but just beginning to realize the mischief which a too eager reli- 
ance upon the theory of the rapid and effectual self-purification of polluted 
waters has done. Half truths are often more dangerous than error. We 
are learning to our cost that in this case we have leaned upon a bent, if 
not a broken, reed. To show how slow has been the recognition of this fact 
we need to remember that it is only seven years since a distinguished 
authority referring to the polluted Mohawk-Hudson solemnly assured the 
people of Albany, through their Water Commissioners that ‘‘There is no 
reason why the city of Albany should not continue to use this water,” and 
reaffirmed his earlier opinion that *‘The most careful examination of the 
water has failed to reveal anything to sight, taste, smell or analysis, which 
can be considered as throwing the slightest suspicion upon the purity of the 
Hudson, or its fitness for supplying a perfectly wholesome beverage for the 
citizens of Albany.” It was only in December last that a prominent Chicago 
newspaper with astonishing ignorance or effrontery boasted of the magniti- 
cent water supply of that city, asserting that Chicago has at.its doors an un- 
limited supply of the purest water in the world, to be had for the mere cost 
of pumping. Six weeks ‘later the same newspaper was imploring its readers 
to boil the city water before drinking it, and childishly ascribing the revelation 


_ of the natural consequences of its use to an imaginary eastern jealousy. 


After making all allowance, however, for the unfortunate and undue influence 
of the self purification theory, and for our strange inability to forsee and pro. 
vide for a probable growth of population of which we were at the time 
loudly boasting, much still remains chargeable only to gross carelessness or 
indifference. The probable pollution of the Chicago water supply was 
Officially pointed out by the State Board of Health of Illinois in 1884 and 
further demonstrated in 1886, but no remedy has yet been applied. Typhoid 
fever has long been excessive in Philadelphia ; but so far as I am aware, no 
steps have yet been taken to remedy the evil, although there is every reason 
to attribute the excess chiefly to the use of unfiltered pollated river water. 

Lawrence languidly discusses but has not yet begun to remedy the danger- 
ous condition of her water supply, polluted only nine miles above the intake 
by the sewage of 80,000 people and further up by that of as many more. 
Meantime typhoid fever ravages the city, claiming relatively more victims 
from Lawrence than from any other city of the state. Lowell, also proceeds 
but slowly towards purification of her water supply which is only somewhat 
less objectionable than that of Lawrence. Yet it can no longer be claimed that 
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the dangers of polluted drinking water are doubtful or imaginary. The cit- 
izens of Paris are officially warned when the water of the Seine is about 
to be supplied to them. The citizens of Chicago, Lowell and Lawrence have 
all been warned against their public drinking water in its unfiltered condition, 
and we cannot doubt that those of many other cities ought to be so warned.* 

The eminent statistician Korosi has recently shown in a very valuable paper 
that typhoid fever has prevailed to an unusual extent in Buda-Pesth within the 
past four years. The water supply of Buda-Pesth is drawn from the Danube, 
a highly polluted source. Some portions of the city receive the river water 
purified by sand filtration; other portions get the Danube water entirely 
unfiltered. Comparing certain of these districts Korosi was led to conclude, 
upon purely statistical grounds, that, in proportion to the population, typhoid 
fever was twice as abundant among those using the Danube water raw as 
among those who used it after sand filtration. His natural conclusion is that 
the substitution of filtered for unfiltered polluted waters with a view to the re- 
duction of typhoid fever mortality, is much to be desired. 

We have met tonight, however, not so much to discuss the fact or the origin 
of the unfortuuate conditions which exist in many American cities and towns, 
as to consider what we can do to abate them: Here, I think, we may profit by 
European experience. Civilized European cities are few in which raw river 
water or unfiltered sewage-polluted water of any kind, is delivered to the peo- 
ple as their source of supply for drinking purposes. I believe that the 
time is at hand when in America, also, we shall cease to use unpurified water 
for drinking and must turn for relief to some process of purification ; and I 
venture to predict that within the decade we shall witness the establishment of 
numerous and extensive municipal systems of water purification by some 
form of sand filtration. 

The purification of water from the sanitary standpoint is the most difficult 
kind of purification. 

The principal natural methods contributing to the sanitary improvement o¢ 
water are sedimentation, storage and filtration. Light, temperature, pressure and 
electricity have their effects but an impure water is purified in nature chiefly 
by setiling, for the bacteria have weight, and at least in some stages of their 
development, tend to settle ; by storage, which has a double action shortly to 
be explained, and by filtration through the earth. 

Storage has immense sanitary value and has not been hitherto sufficiently 
appreciated. There is good reason to believe that a water otherwise good but 
containing disease germs might be rendered wholesome and pure by simple 
storage. Under such conditions some of the bacteria settle to the bottom and 
eventually perish ; some are destroyed by light, but the disease germs, being 
apparently in water somewhat short-lived, perish. It is also a fact that living 
bacteria largely disappear in the pipes of a service. To these facts we must 
look for the explanation of the limited infectiousness in some cases by water 


*§ince this address was made Chicago has begun to dig an immense sewage canal, which 
when completed, will probably improve her water supply. Lawrence has adopted a system 
of sand filtration and Lowell has appropriated $100,000 towards improvement of its public 
water supply. 
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obviously badly polluted with raw sewage. I am convinced that if Lawrence 
for example pumped directly into the pipes, as Chicago does, her death rate 
from typhoid fever would be far greater than it is. A recent writer has urged 
that sewage polluted water be drunk as soon as possible after its pollution, 
in order to avoid the disagreeable putrefactive phenomena which might ensue; 
but if what has just been said is true itis plain that to do this is to invite 
disaster ; it is the same kind of advice which would lead us to strain out a 
gnat and swallow a camel. 

The sanitary value of storage is not yet, by any means, as well known as it 
deserves to be. Storage involves the element of time, time gives opportunity 
for change, and the changes which storage tends to effect in polluted water 
are often of the highest sanitary significance. There is uo evidence that dis- 
ease germs multiply in ordinary natural waters. Such evidence as we have, 
both from experiment and experience, indicates on the contrary, that disease 
germs die out more or less rapidly in good natural waters. Time, therefore, 
is an all important elemeut in the sanitary improvement of infected waters, and 
we may safely say that infected water like wine improves with age. Here is one 


. element of great sanitary value in storage. It may be called the vital element. 


Another element is sedimentation. This is mechanical instead of vital in its 
action, but is unquestionably of very great value in the purification of water. 
The germs of disease though microscopic, are material, and they are subject 
to the law of gravity. They are also easily dragged down by heavier masses in 
their settling, and a muddy water may on standing purify itself to a remark- 
able degree merely by settling. Thus storage, by bringing in the element of 
time, allowing the disease particles to die ont, and by favoring sedimentation, 
is of immense sanitary value, while settling basins for muddy waters not 
only clarify, but to a greater or less extent also actually purify the water 
which passes through them. It is probably for this reason that St. Louis has 
fared as well as it has hitherto. Particularly valuable is the storage of flood 
waters because in times of flood infectious material is more rapidly trans- 
ported than usual from point to point. The great water companies that so 
ably supply the wants of the largest city in the world make a special point of 
the storage of the flood waters of the Thames and the Lea, and that they are 
right in doing so the vital statistics of London amply demonstrate. 

I know that there is another side to the storage question. I know that 
stored waters exposed to the light are apt to become troubled by unsightly 
and ill-smelling growths. I know that if the latter provoke disgust or nausea 
in the consumer the sanitary value of storage is justly called in question. But 
jn spite of these drawbacks, which cannot be overlooked, it is still true that 
storage, by favoring sedimentation and giving time for specific disease germs 
to die out, is, nevertheless, from the sanitary standpoint, of great value in the 
purification of polluted waters. 

To recapitulate : sedimentation is a valuable means of the purification of 
water and has its sanitary value in removing disease germs from flowing or 
standing water. St Louis has great settling basins in which the muddy water 
of the Mississippi is settled. Here in addition to their own tendency to fall 
by gravity the removal of the disease germs is probably greatly aided by the 
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falling particles of mud which drag them down. Storage is of great sanitary 
value, first by giving time and opportunity for sedimentation and secondly 
by giving time for the disease germs to die out. New York doubtless de- 
rives much sanitary advantage from her great storage system. Neither of 
these methods of purification, however, is entirely trustworthy. If the storage 
is too brief some gerins will survive; if the sedimentation is incomplete the 
effluent from the settling basins will still be unsafe. 


There is another natural method, however, which is more commonand more 
trustworthy. This is filtration through the earth or sand. I do not need to 
do more than to remind you of the pure spring which pours from the earth, 
germ free, its sparkling water originally the rain or snow but since filtered 
through deep layers of the earth ; or of well waters which in spite of their 
occasional privy and barn-yard origin are, as a rule, free from the germs of dis- 
ease. Yet these are really filtered surface waters, and in their history we may 
discover the secret of the more extensive purification of great bodies of water, 
such as lakes and rivers. The fouled waters of barn yards if run off upon the 
farmer's meadow become purified. Even the more solid stable manure thickly 
spread upon the field if committed to the earth and turned under by the 
plow readily disappear. These examples and the more familiar results of 
burial show how tne earth —the living earth, as it has been well called—teem- 
ing as it is with bacteria and other micro-organisms, purifies organic matters, 
even when they are in the fluid state. Butapart from this vital action, earth, 
and especially sand, is an excellent strainer. Ordinary loam is too fine and 
soon gets clogged, but sand especially after it has become partly clogged isa 
capital filter, for it works rapidly and yet so effectively as to retain even the 
bacteria in the -pplied liquid. Long before the immense purifying capacity 
of sand filtration could be demonstrated scientifically it had been proved by 
experience. Wells sunk in the earth have been known from the earliest 
times, and have often given excellent water though sunk in regions in bad 
sanitary condition. When in 1850 the dangerous pollution of the Thames 
and the London water supply was demonstrated b¥Dr. Hassall, by means of 
the first systematic microscopical examination of a public water supply ever 
attempted, the remedy applied was storage and sand filtration. The steady 
improvement in the sanitary condition of London, which is today the wonder 
and the envy of the world, is due in no small measure to the protection 
afforded by her now very extensive system of sand filtration. I am myself 
persuaded that in scientifically conducted sand filtration we have a complete 
solution of the problem of a safe and sanitary water supply. I am ready 
to agree with Fraenkel, the professor of hygiene at Marburg and Piefke, the 
accomplished engineer of the Berlin-Stralau water works when they 
that : 


I, Every surface water, before it is used for drinking purposes, should be freed 
from all infectious substances. 


IL. For this purpose, whenever large quantities of water are to be treated, sand fil- 
tration is at present the most convenient and effective method. 
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It is not claimed that all waters need to be filtered, but when a city or 
town is so unfortunate as to be obliged to use a polluted source of supply 
there can be no question whatever as to the requirements of modern sani- 
tary science ; the water must first be freed from infectious materials. For 
this purpose there is nothing better known to sanitary science at present, 
than scientifically conducted sand filtration. 

It is said that sand filtration was first introduced at Chelsea, near London, 
by James Simpson in 1839. At the time of the celebrated microscopical 
examination of the London water supply by Dr. Hassall, in 1850, the water 
supplied to London was indeed ‘‘filtered” by the companies, but so badly 
that it was scarcely strained, for Dr. Hassall found fish and many smaller 
objects in the filtered water. After much debate and many inquiries a 

Water Act was passed for London in 1852 which prescribed effectual filtra- 
tion and storage of the London water supply, to bein operation in 1855, reg- 
ulated the chargesand made other arrangements between the citlzens and 
the eight water companies. The results obtained were so good that the 
rules then adopted have been followed upon the continent, and the English 
practice has since served as a model here, asin other branches of sanitary 
science, tothe rest of Europe and to the world. Reserving for the end of 
this paper a more complete account of the English practice as exemplified 
in London, let us turn first to the purification of the water supply of the 
German capital, Berlin. This city has now a population in round numbers 
of one and one-half millions and it has probably the best examples of sand 
filters to be found on the continent. Berlin is supplied from two sources, 
one a lake, Lake Tegel, and the other a river, the Spree, which, below the 
intake, passes through the city. We may first describe the older estab- 
lishment, that at the river, known as the Stralau Water Works, under 
the able administration of U. Piefke, whose studies upon the theory 
and practice of sand filtration have placed him among the very first of 
European sanitary engineers. I am personally indebted to Herr Piefke for 


_ his courtesy in offering me every facility to study the operation of the Berlin- 


Stralau Works on the occasion of my visit to them in 1891. I have also his 
permission to make use of his published accounts of his work. 


SAND FILTRATION OF THE PUBLIC WATER SUPPLY OF BERLIN. 
(4.) THE STRALAU WATER WORKS. 


The general location and plan of the filters which purify the water of the 
Spree are shown on Plate No. II. The position of the two intakes is shown 
at a (the older) and at b (the more recent). From athe water flows by gravity 
to the pumps along the line indicated. From b the water is drawn directly 
by the pumps. From these it passes ina common main along the lines !/ 
to the several filters, but as it is impossible to adjust the pumps to the vary- 
ing demands of the filters this supply main ends in a small supply or com- 
pensating ( Vorraths) reservoir shown on the northern border of the filters. 
When the pumps are not working the supply for the filters is drawn from 
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this. Its capacity is 11,000 cubic meters (2,906,000 gallons. ) This reservoir 
with the open filters No. L.-IV., near by, represents the oldest portion of the 
plant. Originally it served in good measure as a settling basin, but as new 
filters have been added, this function has gradually diminished until now 
the daily output of the plant far exceeds the capacity of the reservoir and 
it serves as little more than a regulating or compensating reservoir of un- 
filtered water. Itis but just to say that owing to the enormous growth of 
Berlin the present system is said to be decidedly overtaxed. More filters 
should be added immediately, and I am informed that steps have been 
taken looking to this end. Since 1873 the Stralau works have consisted of 
37,067 square meters (about nine acres) of filtering surface, arranged in 
eleven independent sections or basins. They may be worked separately or 
together. The normal maximal output of the whole plant is placed by 
Piefke at 60,000 cubic meters ( 15,850,000 gallons) every 24 hours. But 
sometimes, on special occasions, it has been as much as 70,000 or even 
80,000 cubic meters (18,000,000 — 21,000,000 gallons.) ‘Three of the filterS 
(Nos. IX.-XI.) having a combined area of 9,000 square meters (2.2 acres) 
are covered, to guard against severe and prolonged cold weather. In winter 
the daily consumption (from this plant) sinks as a rule to 30,000 cubic 
meters (7,925.000 gallons.) It ought to be said, at this point, that the 
newer Tegel Water Works (to be described beyond ) supply a comparatively 
fixed quantity of filtered water to Berlin, summer and winter alike. The 
extra demand of the summer falls, therefore, largely upon the older works 
at Stralau, and these are at times plainly overtaxed, giving too rapid filtra- 
tion with incomplete purification. * 

The filtered water is drawn off beneath the several filters by under drains 
which convey the water to a reservoir for purified water ( Reinwaxser) 
placed at such a depth as to receive the effluent by gravity. (See Plate 
IL. and Plate V. Figs. 1 and 2.) This has a total capacity of only 2,200 cubic 
meters (581,000 gallons.) The sand washing establishment, which at Berlin, 
is regarded as a most important feature is located in the angle between 
filters No. VI. and No. IX. (Plate II.) The engine and boiler houses, the 
Office, and the dwellings of the resident engineer, etc., are shown in section 
on the street front (Plate IT.) 

The intake located at b on Plate II. is shown in elevation, plan, and sec- 
tions on Plate IIL. and requires no special remarks. The filters are shown in 
sections (transverse and longitudinal) on Plate IV. Fig. 1 shows a longitu- 
dinal section through the under drain. Fig. 2 isa cross section showing the 
(central) under drain, the overflow waste pipe and the general arrangement 
and construction of the filters. For the details of the construction I must 
refer the reader to the original paper of Piefke. Suffice it to say that the 
bottom must be water tight and the sides strong enough to support the 
pressure of the enclosed water. Those at Berlin-Stralau are laid upon 
clay ( Thon) covered with concrete ( Beton.) (See Plate IV., Fig. 2.) Fig. 6 


*These and the following dataare taken from Piefke Aphorismen uber Wasserversorgung 
I. Ze't fur Hygiene, VIII., 1890. 
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is asection through one of the covered filters (Plate II., Nos. IX.-XI., 
showing the piers, arches and the openings to admit light during the pro- 
cess of cleaning the filter. Piefke remarks, however, that for cleaning, 
artificial light is on the whole to be preferred to the scanty daylight which 
can be admitted in this way. The actual filtering materials used at the 
Stralau works and resting upon the concrete, are as follows, beginning at 


It is interesting to compare this construction with that of the London filters 
shown in the tables beyond (see Appendix pp. 4-7) as well as with the sand 
filters of Zurich and Warsaw (p. 115) and the Berlin-Tegel works (p. 113.) 
Piefke expressly states that he does not consider a greater depth of sand to 
be of much advantage, provided that the sand shall be sharp, and he be- 
lieves that more time and trouble is often spent upon these details of the 
aetual filtering materials that is necessary. The under drains connect di- 
rectly with the lower layers of the filter so that while the water sinks ver- 
tically through the sand it flows laterally through the coarser underlying 
layers. From time to time the filter must be drained for cleaning. If it is 
not desired to drain it completely but only for scraping the very surface, 
the valve shown at vin Plate IV., Fig 2, and connecting with the overflow (u) 
may be opened. If it is desired to drain the filter thoroughly another valve 
known as the ‘sand cock” ( Sandhuhn) shown in elevation in Fig. 4 and 
in section in Fig.5 may be opened. I must pass over many interesting de- 
tails of the actual management of the filters which are fully described by 
Piefke in the paper referred to. Numerous automatic devices for detecting 
the precise conditions at any particular moment, and for aiding the super- 
intendent, have been introduced at Berlin; but for these also I must refer 
the reader to the original paper. 

The ordinary process of filtration is conducted as follows: After a filter 
has been worked for a time it is found to have become clogged and allows 
the water to pass through only very slowly. The arrival of this time is 
shown by an automatic tell-tale float (w) seen in section in Fig. I. If, with 
the valve k closed, this float rises but very slowly it is clear that in spite 
of a high pressure of the supernatant water-(h) only a little passes through 
the sand. The filter is then described as ‘‘dead” and must be cleaned. 
It is therefore drained and a gang of men is set to work on it with broad 
thin shovels, or with special ‘‘scrapers.” A plank track is laid on an incline 
down into the basin and the scrapings are taken away in wheel barrows to 
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Fig. 1. Tell-tale float win use at the Berlin-Stralau Water Works. The output of the 
filter, regulated by the gate k, remaining constant the height of w will indicate roughly the 
degree of resistance, or clogging. (After Piefke.) 


the sand-washing house. At thetime of my visit a gang of perhaps thirty 
men was cleaning a filter. Only the uppermost layer of sand and the dirt 
deposit upon it was removed. This dirt deposit or Schmutzdecke is extremely 
interesting. In Berlin I found it to consist of a thin membranous layer of 
a greenish brown color and so well defined that it could be easily peeled off 
in flakes from the sand below very much as a moistened postage stamp can 
be peeled from a piece of paper to which it has become partially attached. 
The sand below the Schmutzdecke was clean and white to a very noticeable 
and striking degree, so that it was obvious that only the Schmutzdecke re- 
quired to be removed. Carefully detached by the scrapers it was drawn 
upinto little heaps of a peck ora half bushel each and these were carried 
away on the wheel barrows to the sand washing establishment. Once the 
Schmutzdecke has been removed and the life of the filter is restored, the 
sand is smoothed, the filter slowly filled from below ( with clean water) to 
drive out all air and prevent fissures or channels, and the whole covered 
with unfiltered water to the depth of about 3 or 4 feet through the inflow 
pipe. (Plate IV , Fig. 3.) Meantime the outlet is kept closed so that the 
supernatant water stands quietly upon the sand and is allowed to settle. 
This is a point of much importance as the consequence of this set: ling is the 
formation of a delicate membrane or new Schmutzdecke upon the clean sand. 
After a time, varying with the demands upon the plant, the effluent is 
allowed to escape, fresh unfiltered water flows upon the filter and filtration 
proceeds. At first itis, of course, rapid and comparatively imperfect, but as 
the membranous deposit (Schmutzdecke thickens, it grows slower and yields a 
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better effluent. The filtration continues with increasing head and diminishing 
rate until the Schmutzdecke becomes almost impervious when the filter is said 
to be ‘‘ dead” and once more: ready for cleaning. 


By the kindness of Herr Piefke I was able to examine carefully the Schmutz 
decke both in situ and microscopically. It consisted of much brown amor- 
phous matter (zoogloea), numerous filaments of algae giving to the whole 
its dark greenish tinge and its firm felted or membranous character, besides 
particles of woody fibre, debris, ete. The smooth and almost slimy feel of 
the membrane appeared to be due chiefly to the algae and the zoogloea, The 
membrane was perhaps 1-8—1-16 inch in thickness. I have described the 
Schmutzdecke (surface deposit) in some detail both because I was much im- 
pressed by its well defined character and position and also because, according 
to Piefke, this membranous deposit is the principle factor in efficient sand 
filtration. One who sees it as I saw it (towards the end of August, 1891) 
upon an open but “dead” filter cannot help perceiving that such a micro- 
membrane must indeed play a most important part in continuous filtration, 
From its peculiar composition and semi gelatinous character, it must be highly 
effective in the detention of all suspended particles of whatever kind, includ- 
ing bacteria. When the Sehmutzdecke is so well defined as it usually appears 
to be at Berlin the sand below it looks bright and fresh, At the Stralau works 
the depth of sand may well be thought to be of secondary importance, the 
real filter being the micro-membrane. Whether it is always of so little im- 
portance may be more open to question 


Naturally, at Berlin, the scraping is so arranged as to remove as little sand 
each time as possible. Gradually, however, the sand layer grows thinner 
and aftera time it must be replenished with new (or washed ) sand to the 
original depth. This happens about once in two years, and requires consid- 
erable time. Even the ordinary scraping requires that the filter shall be out 
of connection for several days. At some seasons scraping is required (in 
Berlin ) very often (once a week) but in winter very seldom (once in two 
or three months.) The Spree is not muddy like the Mississippi but at times 
is very unclean and in summer contains vast quantities of certain algae which 
are particularly troublesome, making an almost impervious ‘‘ felt” through 
which the water moves only very slowly. 


The Sand Washing. This is done at Berlin because it is found to be 
cheaper than to import new sand. The position of the sand washing estab- 
jishment is shown on Plate No. II. Some of the details of the apparatus 
employed are shown on Plate No. VI. Fig. 1 shows the ground plan, and 
Fig. 2 the section. Fig. 3 is the revolving drum in which the sand is washed. 
Fig. 4is the section A-Bon Fig.1, Figs. 5 and 6 shows sections of a cen- 
trifugal pump. This is a. very interesting portion of the work but space 
forbids me to enter upon it in detail. Piefke states that all of the filters are 
cleaned perhaps twenty times annually, and that about 4 of the filtering 
material has, therefore, to be washed or otherwise renewed, yearly. 
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NEW ENGLAND WATER WORKS ASSOCIATION. 
(B.) THE BERLIN WATER WORKS AT LAKE TEGEL. 


To keep pace with the growth of Berlin and the increasing consumption 
of water anew and separate establishment was in 1877 added to that at 
Stralau and located on the other side of the city, by the southern shore 
of Lake Tegel. The following account of the Tegel Water Works is drawn 
almost exclusively from the admirable account of the works given by the 
resident engineer, G. Anklamm, and published with additions, asa reprint 
from Glaser’s Annalen fur Gewerbe und Bauwesen, Bd. X1X. Berlin, 1886. I have 
ventured to reproduce from this two of Anklamm’s admirable and instructive 
plates. (See Plates VII. and VIII.) Plate No. VII. shows the general loca- 
tion and plan of the Tegel works with some details of construction of the 
(covered) filters. Plate No. VIII. shows the several parts of the sand wash- 
ing apparatus. 

Originally the attempt was made to obtain a supply of pure water without 
filtration from the shores of the lake by sinking there a number of wells. 
These at first yielded an excellent supply, but after atime the water deteri- 
orated owing to the growth in the wells and in the mains of an iron-bearing 
bacterium Crenothriz. This grew to such an extent in the Tegel water supply 
as to constitute what has been called ‘‘ The Berlin Water Calamity.” To 
obviate the difficulty Commissions were appointed, investigations were made, 
aeration and other means of relief were attempted, but without avail. At 
length about 1883 sand filters were established to treat the water taken from 
the lake and these, ever since their installation, have yielded an admirable 
effluent. When they were first put in operation the mains and service pipes 
coatained an abundant vegetation of Crenothrix but litile by little this dis_ 
appeared in the presence of the filtered water. The area of the four larger 
filters is in round numbers 2500 square meters (27,000 square feet) each, 
that of the six smaller ones 2000 square meters (21,000 square feet.) 
The total filterlng area is about 22,000 square meters ( 236,700 square feet or 
between five and six acres. The normal yield of the filteris placed at three 
cubic meters of water or each square meter of filtering service for twenty- 
four hours or roughly at 3,000,000 gallons per day per acre. Seven of 
the ten filters are usually running at once and serve to furnish the requisite 
quantity of filtered water. The other filters, three in number, serve as a 
reserve and also for use in the summer time, when the life of the filters is 
shorter. The filters are all covered, and in orderto keep a temperature as 
low as possible in summer, they are covered with a layer of earth forty to 
seventy centimeters thick ; this layer is covered with grass. 

The filtering material consists of three layers. The lowest is about thirty 
centimeters thick, of rounded granite stones; upon this there rests a layer 
about thirty centimeters thick of coarse clean river gravel free of sand and 
upon this a layer about sixty centimeters thick of medium coarse sand. The 
average diameter of the sand grainsis about }of a millimeter. Before the 
material is placed in position it is carefully cleaned from clay and dirt by 
special washings. Each filter is fitted with an under drain, with feed pipes, 
ete. The filter is filled as at Stralau from below in order to drive out the air 
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particles contained in the sand: This filling must be done slowly for otherwise 
air will remain in spite of it, and will interfere with the successful operation 
of the filters by forming during its escape, canals, through which organisms 
can penetrate into the under layers of sand or gravel. 


After the filter has been operated for some time a gelatinous layer ¢ Schmutz- 
deckeof Piefke ) is formed of such imperviousness that each square meter of 
surface will no longer furnish as much as three cubic meters (800 gallons ) of 
water in twenty-four hours. When this time has arrived the filter must be 
scraped, but before the supply is cut off the feed valve is opened wide for a few 
minutes in order to clean out the feed pipe, and wash away the snails, mussels 
and deposits of dirt, etc., which accumulate init. In some cases it is said 
that as many as twelve hectoliters (several bushels) of snails and the like 
have been washed out of a single feed pipe. After the valve has been closed 
and the water has sunk toa depth of fifty or sixty centimeters upon the 
filter the outflow valve of the under drains is also closed, and the water still upon 
the filter is run off through the waste pipe. The thin layer of dirty sand 
to the depth of ten or fifteen millimeters, (}—4 inch) is then removed by 
means of broad sharp shovels, and wheeled off to the sand washing machine. 
After removing this portion of sand the filter is once more filled with water 
from below, and set in operation. Asa rule, however, this is not done at once ; 
whenever the demand for the filter is not too great itis allowed to rest after 
cleaning for some time, in the belief that those particles of the dirt deposit 
(Schmutzdecke) which have penetrated unto the lower layers will be oxydised 
under prolonged contact with the air. In order to facilitate this operation, 
special attempts are made to secure a certain circulation of the air in the 
filtering materials. The life of the filters is naturally comparatively brief in the 
summer months. While it rises as high as eighty daysin the winter, it sinks 
in midsummer, at the time of the so-called ‘“‘ water blossoming,” not infre- 
quently as low as ten days. On an average for the year, it is about thirty 
days. Replenishing with new or clean sand occurs comparatively seldom, 
and only after the sand layer, originally sixty centimeters thick, has been 
gradually worn down to thirty centimeters. 

The regulating apparatus at the Tegel filters ie of great interest ; and for 
the orderly management of the filters is extremely important. It will be 
seen at a glance that a new filter, as yet unclogged, will offer much less re- 
sistance to the passage of the water than an older filter more or less clogged 
that is, covered with the Schmutzdecke. It becomes necessary, therefore, to 
work an old filter under greater head, and in order that the output shall re- 
main constant, this head must be gradually increased. Special devices to 
accomplish this end, have been introduced by Henry Gill, Esq., chief en- 
gineer of the entire Berlin water supply, by W. H. Lindley of Frankfurt, 
and by others. Some of these will be described beyond. 

E have entered somewhat at length into descriptions of the Berlin filters 
because they are probably, on the whole, the most carefully planned and most 
thoroughly studied of any filters on the continent. I may now briefly refer 
to a few other continental sand filters. 
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SAND FILTERS AT WARSAW, RUSSIA. 


The source of the public water supply of Warsaw is the river Vistula. The 
water is first run into settling basins, and then upon the filters. The ca- 
pacity of the filters is about 2.4 cubic meters per square meter of surface, 
every twenty-four hours. Plate No. I. at the beginning of this paper shows 
the arrangement of one of the (covered) filters at Warsaw. It will be seen 
that upon eleven inches of stones, there are six inches of smaller stones, 
above these six inches still smaller, and upon this layer three inches of coarse 
gravel, covered by two inches of fine gravel, and the whole surmounted by 
two feet of fine sand. The passages for the filtered water are shown as 
spaces between the bricks on the right of the figure. The feed pipe is also ° 
shown on the right. At Warsaw it is not customary to wash the sand, as at 
Berlin (and many other places) fresh sand being found to be cheaper. At 
Warsaw a filter of 2100 square meters area, was scraped by fifteen men in 
ten hours, and replenished with new sand by the same number of men in 
four days. The depth of water upon the filters at Warsaw is kept at 1.2 
meters. * 
SAND FILTERS AT OPORTO. 


Sand filters have been provided for Oporto by the Compagnie generale des 
eauz of Paris. The water is taken from the river Souza. The arrangement 
of the filters is as follows: The supporting layer consists of stones (large ) 
16 m., stones (small) .15 m., upon which come first coarse sand .10 m., and 
fine sand at the top .20 m., making a total of .60m. The total area of the 
filters is 1190 square meters, with a normal depth of water of .90 meters. The 
filters yield on an average 13 cubic meters of water per square meter for 
twenty-four hours. This system is said to be open to much criticism, prob- 
ably from its slight depth of sand and high rate of filtration. 


SAND FILTERS AT ZURICH. 


In consequence of an extensive epidemic of typhoid fever in Zurich in 1884 
which was traced to the pollution of the public water supply, a water commis- 
sion was appointed and prepared areport recommending the installation of a 
system of sand filters. They advised that water should be taken from the 
lake ( Zurich ) at least 200 meters from the shore, and filtered upon sand 
filters at the rate of six to eight meters (vertical water column) per day. 
Thasmuch as the requirement of the city was only about 20,000 cubic meters 
daily, they estimated that a filter area of 3000 or 3500 square meters would be 
sufficient, This enormous rate of filtration was recommended because of the 
comparative initial purity of the lake water. It was recognized, however, 
that extra land should be secured, so that by extension of the plant even 
with increased consumption the rate need not exceed more than three meters 


*For a more complete account of the Warsaw filters and a full and admirable statement of 
the problem of the purification of river waters for drinking purposes, see W. H. Lindley, 
9g Gesundhheitspflege, 1890, p. 191. Also, an abstract in this Journal, Vol. 5, 
p. 83, 1890. 
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per day. In December, 1885, three of the five filters were in operation, and 
in the following August the fourth and fifth were added. The combined area 
of the five filters was 3500 square meters. For extension of the plant space 
was reserved to the extent of 75,000 square meters. Filters number one, 
two and three are covered ; numbers four and five are open; all five have the 
same area with about 672 square meters of effective surface. The filtering 
material lies upon a solid foundation covered with two layers of brick, and 
consists from below upwards of the following layers: Five to fifteen centi- 
meters of coarse gravel, upon this ten centimeters of garden gravel carrying 
fifteen centimeters of quite coarse sand, which is surmounted by eighty cen- 
timeters of fine sand. The regulation of the rapidity of filtration is accom- 
plished for each filter separately. When the head or difference in level 
between the filtered and unfiltered water reaches sixty to eighty centimeters 
cleaning of that particular filter generally takes place. Cleaning consists in 
draining off all the water and scraping away the uppermost sand layer with 
iron shovels to the depth of about two centimeters. Experience shows that 
only a thin slimy layer ( Schmulzdecke of Piefke} covers the otherwise clean 
‘sand and that this layer is only a few millimeters in thickness. After clean- 
ing, the filter is filled from below with filtered water and once more filtration 
proceeds. The water which first comes through after cleaning is, however, 
rejected during this early period aud the dirt carried up from the sand by the 
water after filling and which consists of floating particles of slimy material, 
is removed as far as possible by letting it run off from the top before filtering 
begins. In 1887 the cleaning was necessary, on an average, for the covered 
filters every forty-eight days. As a result of these periodical scrapings the 
layer of fine sand gradually grows thinner, and when it has sunk so that it is 
only fifty centimeters in thickness, it is either replenished with clean sand up 
to eighty centimeters or it is taker: out altogether and replaced by a fresh sand 
layer of the original thickness. This renewal of the filtering material did not 
become necessary until after the end of 1888.* 


SAND FILTERS IN ROTTERDAM. 


The city of Rotterdam takes its water supply from a tidal stream, the Maas. 
Into this stream the sewage of the city also flows. By the situation of the 
intake and the time of taking in water for filtration, most of the danger of - 
sew age contamination from Rotterdam itself is supposed to be avoided. The 
Maas, however, is by no means a pure source of supply, and it is often, if not 
usually, very muddy. The water is first passed into large settling basins to 
which it flows by gravity. From the settling basins it is lifted by pumps and 
afterwards flows upon a series of sand filters, Owing to the limited capacity of 
the works, and to the large consumption of the city, the water is not allowed to 
stand in the settling basins as long as is considered desirable and the filtra- 
tion is far more rapid than the superintendent regards as proper. The effluent 
is now clear, bright and entirely unobjectionable in appearance, and has never 


. *The foregoing statements are taken largely from Bertschinger, Wirkung der Sand Fulter in 
Zurtch, 1889. See also Journal fur Gasbeleucht. und Wasser versorgung, 1891, p. 684. 
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g basins, and from it water flows to 


To it water is drawn trom the se’ 


(After DeVries ) 


Fie 2. The Sand Filters of Rotterdam. Holland. Nos. 1-8 the older filters. Nos. 9-20 
the newer filters. C, D, E, settling basins. The penping station is shown on the border of 
D 


the canal (Port.) 
the several filters. 


cansed complaint in the city until a few years since, when the whole system 
became filled with the much dreaded ‘‘pest of water works” Orenothriz. 
This produced complaint, and such a deterioration in the water as to excite 
the greatest anxiety on the part of the pbulic as well as of the officials. Pro- 
fessor DeVries of Amsterdam has published a valuable account of the investi- 
tion made by himself and other members of the commission which sought 
to discover the cause of the evil and a remedy for it. Professor DeVries con- 
cluded that the imperfect settling, the excessively rapid filtration, and the 
existence in some places beneath the filter of old wooden beams, etc., all 
taken together allowed a sufficient quantity of organic matter to pass into the 
mains to support a luxuriant vegetation of Crenothrix. 

I visited the works at Rotterdam in the summer of 1891, and it was obvious 
to me, that in comparison with the sand filters at Berlin, those at Rotterdam 
were insufficient and overworked. I am unable to give exact figures as to the 
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Fie. 3. Crenothrizx Kuhniana. An Iron-bact oeks or clusters plan 
as it comes from drains or filters. H, single an 
¢, D, E, F, Gy various stages in its growth and reproduction. (After DeVries.) 


depth of the sand, the intervals of scraping, the rate of filtration, the daily 
yield, etc., but the general construction of the sand filters was similar to that. 
of the Berlin filters, It was noticeable, however, that here the well defined 
Sehmutzdecke of Berlin was absent. The sand appeared dirty to a eonsider- 


fic.4. Small Crustacea which occurred in great numbers in the filtered water at Rotter- 
dam during the Crenothrix calamity. (After DeVries.) 


able depth and there was every evidence of overworked filters treating a 
water originally much worse than any that Ihad seen. I am under great ob- 
ligations to Mr. Vogel, the engineer, in charge who showed me every courtesy.* 

Enough has now been said of actual sand filters on the continent but 
as to their operation and their efficiency something may still be said. In 


*For a full account of the Crenothriz Commission see De Vries’s paper, of which an ab- 
stract (in English) was published by me in the Technology Quarterly, Vol. III., p. 338, 1890. 
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Fie. 5. Moss-like animals (Bryozoa) growing in abundance inthe conduits of unfiltered 
water at Rotterdam. (After DeVries.) 
September, 1890, there occurred at Brunswick the annual meeting of the 
German Public Health Association. At this meeting the subject of sand 
filters for municipal water works was fully discussed by Fraenkel, the distin- 
guished bacteriologist, and Piefke, the accomplished Resident Engineer in 
charge of one division of the water works of Berlin. The Stralau Water 
Works as has been shown above are managed with great skill by Piefke, and 
consist of an elaborate system of sand filteration, the water being taken from 
the river Spree. Professor Fraenkel and Engineer Piefke incited by an epidemic 
of typhoid fever which broke out in Berlin in 1889, had come to the conclu- 
sion, after careful experimentation upon artificial filters with special bacteria 
including some of the germs of disease, that contrary to the general belief, it 
was possible under certain circumstances for disease germs to find their way 
through sand filters like those in use in Berlin.* Impressed by the importance 
of their results they formuiated the following conclusions which they made 


the text of special addresses at the Public Health Association meeting just 
mentioned : 


I. Every surface water before it is used for drinking ought to be freed 
from all infectious materials. 

Il. For this purpose in all those cases in which large quantities of water 
have to be treated, sand filtration is to be regarded as at present the most 
practicable and the most satisfactory method. 

IIL The operation of sand filters is not, as has been widely assumed always 
entirely trustworthy and under all circumstances satisfactory. A sand filter 
is not a germ tight apparatus ; but by intelligent manipulation it is possible 
to reduce this defect to a very insignificant quantity. 

IV. To accomplish this end there are necessary : 


(a.) Good raw material ( unfiltered water ) as little polluted as possible. 
b.) A low rate of filtration. 
¢.) Uniform action of the filter. 
(d.) Rejection of the effluent at the beginning of a new period of filtra- 
tion. 


*See Technology Quarterly, Vol. III., p. 69, 1890. 


if 


120 JOURNAL «= THE 


These theses were ably defended by Fraenkel and Piefke at the meeting, but: 
as might have been anticipated; aroused vigorous opposition. Up to this time 
it was apparently a common belief among the water superintendents and en- 
gineers in Germany that sand filters necessarily removed completely or de- 
tained, all of the suspended matters of the unfiltered water not excepting the 
bacteria. It was with this idea that the Zurich filters were established and 
Bertschinger believed that the few bacteria in the effluent from these filters. 
had come from the stones, the under drains and outlet pipes, and not through 
the filter. His ideas probably well represented the state of opinion among. 
water engineers in Germany, up to the time of the experiments of Fraenkel 
and Piefke. They were supported also by the sanitary experience of London, 
and by English experience in general, for it had been found unquestionably 
true, that filtration was a great sanitary safeguard ; but until the experiments. 
of Fraenkel and Piefke no one in Europe had undertaken to discover, by an 
application of special cultures of known bacteria to sand filters, whether these 
eould, or could not, be discovered in the effluent. 

The experiments of the State Board of Health of Massachusetts made in 
1889, and published im 1891, were the first experiments of this kind ever 
made, and they proved conclusively that bacteria may, under special cir- 
cumstances, pass through sand filters operated intermittently. The experi_ 
ments of Fraenkel and Piefke were the first which demonstrated the same 
possibilities for continuous filters. 

The allegation that sand filters might not be an absolute surety against the 
passage of disease germs, aroused a vigorous debate at the meeting referred to 
in September, 1890, and met with strong opposition. It was urged more or 
less effcetively that the experimeptal filters of Fraenkeland Piefke, having been 
made of wood, and the same filter having been run at different rates, their con- 
clusions were based upon abnormal conditions and were untrustworthy. 
Piefke has since repeated the experiments under conditions adapted to meet 
these objections, and has obtained results confirmatory of the earlier experi- 
ments. The truth seems to be that sand filters if well managed are a complete 
sanitary safeguard, but that they require intelligent management to produce 
the highest results. The experiments of the State Board of Health of Massa- 
chusetts, at the Lawrence experiment station have been conducted for a longer 
time, and with greater care than any experiments elsewhere, or hitherto, and 
these show conclusively that the results of Fraenkel and Piefke are probably 
sound. Asand filter is not necessarily a germ tight apparatus, but it is en- 
tirely possible to construct and operate sand filtersin such a way as to render 
filtered water safe for domestic use and for drinking purposes. 

The address of Engineer Piefke at the meeting referred to* is full of in- 
teresting matter concerning sand filtration. He begins by saying that one 
of the indispensable requisites for success is that the rate shall remain con- 
stant, and not depend upon the variations of the consumption during the 
day. We may get an excellent illustration of the range of this variation in 


*The report of this part of the meeting is very interesting and I have drawn Futloreologen upon 


it in the preparation of this Fag sg It is to be found under the title:-— 
Wasserleitungen,” Deutsche Vrerteljahr. fur Oeffentliche Bad, 33, 
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Fic. 6. Hourly consumption of water in Berlin, August 21, 1889. The ordinates indicate 
cubic meters; the abscissas indicate hours, beginni a the left at seeies. The average 
hourly consumption (5000) is shown by the horizontal dotted line. (After Piefke.) 


consumption if we follow hour by hour the history of the water supply of 
a great city, on any particular day. In Berlin for example the daily con- 
sumption from the two water works (Tegel and Stralau) on the 2ist of 
August, 1889, was 120,000 cubic meters or 31,701,600 gallons. The average, 
therefore, was 5000 cubic meters or 1,320,900 gallons perhour. The actual 
consumption per hour varied, however, so much that at midnight it fell 64 
per cent. below the average, and during the day it rose about one-half above 
it. The greatest consumption was between 8 and 9 a. m. and 3and 4 p. m. 
The smallest between 2 and 3 o’clocka.m. These variations in their range and 
distribution can be conveniently followed by the help of the diagram (Fig. 6) 
which is self explanatory. It follows obviously, that the filters must supply 
in the night too much, and in the day too little water. It therefore becomes 
necessary to introduce between the filter and the point of consumption, a 
reservoir in which the excess filtered during the night, can be reserved as a 
store for use during the day, the time of maximum consumption. This res- 
ervoir may be called the compensating reservoir. , 

For Berlin, under the conditions prevailing at that time, Piefke estimated 
by an examination of diagrams such as we have just given, that a compen- 
sating reservoir of at least 25,000 cubic meters (6,604,500 gallons) actual 
capacity was required. In fact the Berlin reservoirs actually hold more 
than 30,000 cubic meters (7,925,400) gallons and consist of three quite inde- 
pendent sections, so that if one of them needs to be thrown out of con- 
nection, the other two may still suffice. Piefke recommends that the 
reservoir for filtered water should be covered, not only to avoid disturbance 
through the accumulation of ice in winter but especially to exclude light. 
In filtered waters exposed to the light various algae and other organisms 
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flourish and affect more or less unfavorably by their growth the water which 
has been so carefully purified. 


Piefke next considers the proper operation of the outflow and inflow of 
sand filters. There appears to be no special difficulties in the regulation 
of the inflow, by the watchman for if the filter receives by mistake at any 
time too much water the excess can escape through the overflow pipe. (See 
Plate IV. Fig. 2,u) More complex is the management of the effluent in 
prescribed quantities; this requires the assistance of hydrometric apparatus, 
Let us suppose that a filter of two thousand sqnare meters area is required 
to work throughout a certain period at the rate of one hundred vertical 
millimeters (4 inches) per hour. This will regularly furnish two hundred 
cubic meters per hour. When it is possible to measure and control at any 
instant the filtered water flowing off it becomes possible to adjust the filter 
to its duty. A very convenient method of measuring the water is the one 
in which it is allowed to flow off out of a spacious tank, through a hori- 
zontal slit ina vertical wall. The slit should have, in proportion to its 
width, an insignificant height. The quantity of water which escapes through 
the slit, depends upon the height of the water above the upper border of 
the slit. This we may call the head. Different amounts of head naturally 
represent special amounts of effluent. If the height of the water above the 
slit is fixed then it is evident that the hourly discharge of water will always 
be the same. For different quantities of effluent, corresponding head can 
be computed, and after this has been once done a scale can be prepared, 
which, fixed in position, shall instantly show at: what point the water level 
must be in order to obtain a certain quantity of water in a unit of time. 


Use is made of this principle in an apparatus which has been much em- 
ployed for several years under the name of the ‘‘ Gill” regulator and which is 
shown on Plate V., Figs. 3and 4. From the covered filter shown on the right 
of the figure, filtered water passes through the underdrain c. Under the gate 
house, at s, can be seen the slit through which the water flows out freely; a 
few centimeters above this is the water level computed for the normal or 
desired rate of filtration ; it is plainly marked upon a scale, and for control 
there is a float which rises and sinks in a tube and carries by a chain over a 
pulley an automatic pencil. The indicator must not leave the place com- 
puted for it, if the filtration is to be constant. A new and more serviceable 
form of Gill’s regulator permits the filtration and supply to be brought very 


~ accurately into relation with one another. 


The Gill regulator works satisfactorily and permits the operation to go 
on at any prescribed rate of filtration, but its use pre-supposes intelli- 
gent service on the part of a watchman. As this may be regarded as an 
objection we may turn, says Piefke, to the consideration of automatic regu- 
lators. An example of these is that devised by Lindley (see Fig. 7) for the 
recently constructed filter works at Warsaw. Lindley provides each filter 
with a walled but un-partitioned gate house. The filtered water rises in this 
to the proper height and carries a heavy float. Firmly fixed to the latter is 
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Fie. 7. Automatic regulator employed by Lindley, at Warsaw. The (covered) filter is 
shown with its underdrain, on the right. For details consult the text. (After Lindley.) 


the telescopic tube 6 closed at the top. This naturally shares in all vertical 
movements of the float, rises and sinks as this does and thus moves up and 
down over the fixed tube below, which is open at the top and is also shown in 
Fig. 7. -On account of its fixed weight, the float sinks always to the same 
depth in the water whatever may be the height of the water level in the gate 


house. If now below the level of the float, we make two elongated slits or 
openings in the wall of the tube, these will keep at a constant depth beneath 
the surface of the water, and always allow the same quantity of water to 
flow off into the tube. Any variation will occur only in case the slits them- 
selves are changed, which is effected by an external moveable ring. 


For the maintenance of an even working of the filter, it is required fur- 
ther, that for every portion of filter surface, which for cleaning or any other 
reason, is thrown out of operation, an equally large area shall be provided as 
a substitute. The size of the reserve surface involves difficulties which 
constitute one objection to filtration. Since by cleaning the filter there 1s re- 
moved every time a thin layer of sand, and the sand layer gradually grows 
too shallow it must after long use become unfit for further operation, and 
has to be replenished; a task which usually demands several weeks. For 
this reason also reserve filtering areas should be provided. The surfaces 
which are provided are usually found successively in different stages of pre- 
paration ; a part is being cleaned; a part is being worked; and a part is 
being supplied with fresh sand. Theoretically one may say that the reserve 
surfaces provided should be three times of the actual filters. Their propor- 
tion to the active surface is, however, not constant, but can be discovered 
only by experience ; diminishing obviously with the rapidity of filtration. 
The objection brought against a low rate of filtration is mainly the financial 
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one. In his recent paper, Lindley has made valuable statements concerning 
the cost of construction of filter plants. He gives especially the cost in Berlin 
and Warsaw, and concludes with the following facts ; estimates carefully 
corrected give for a large establishment of covered filters having 48,000 
square meters of filtering area in round numbers 67 marks or 84 francs ($16.75) 
per square meter. A similar computation for open filters with the same 
materials and the same price for labor, showed that these would cost about 
45 marks or 56 francs ($11.20) per square meter ; that is two-thirds as much. 
The covering of filters thus means on the Continent an increased cost of 50 
per cent. Lindley quotes the actual cost of the Berlin filter at Stralau at 64 
marks, and at Tegel 68-72 marks per sq. meter. He cites early English 
experience as indicating a cost of $10-$13 per sq. meter, everything included. 


200 


Fie. 8. Bacteria discharged in September, 1884, from a covered filter (broken line) and an 
open filter (solid line) in Berlin. The numbers upon the wavy lines indicate the number of 
per cubic or lathes, The numbers at the bottom indicate the days of the month. 


(After Wolffhugel an 


Piefke then proceeds to a discussion on the relative advantages of covered 
and open filters, and shows that the open filters are more effective from a 
bacteriological point of view or at least that the out-put of bacteria from them 
is smaller. He gives a diagram (Fig. 8) showing these facts. The main ob- 
jection to open filters is that in winter they cannot so readily be cleaned on 
account of the freezing of the sand, but Piefke claims that by selecting a 
warm “spell” for cleaning, it is quite possible (in Berlin) to avoid compli- 
cations from this source, and the English experience certainly confirms this 
idea. It is to be remembered that the consumption of water is much smaller 
in winter, than in summer, and also that the life of the filter is correspond- 
ingly longer, owing to the absence of the more bulky vegetable growths of 
the summer. It seems probable that the greater bacterial efficiency of the 
open filters is due to their easier clogging which, of course, signifies a 
shorter “life.” 
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Fic. 9. (After Kummel). A diagram showing the depth of the filtering materials and 
the usual depth of unfiltered water upon the sand filters in use in certain cities and towns 
of Germany. The ay on the left indicate meters. It will be observed that the depth of 
the sand varies widely in different places. ; 


As has been said above (p. 120) the addresses of Fraenkel and Piefke pro- 
yoked much comment and their views met with considerable opposition. In 
the course of the debate Engineer Kummel, director of the water works at 
Altona, introduced some highly instructive diagrams which are here repro- 
duced in Figs. 9 and 10. 

More recently Piefke has repeated the experiments upon which his earlier 
conclusions were based and in such a manner as to meetall objections. The 
results entirely confirmed those of his previous experiments. There is no 
reason to doubt that a sand filter is not necessarily and under all circum- 
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Fig. 10. (After Kummel.) The broad solid line [a) a era one-tenth of the average 


number of cubic meters filtered daily [1 cu. metre= 8U.8 mene. The dotted line 
im indicates one-tenth of the square meters of filtering area. narrower solid line ¢| 
ne yt one-tenth of the remerene of filter surface cleaned od daily. The broken line (d 


ndicates ten times the rate of filtration per hour in millim 
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stances a germ proof apparatus. But it is equally plain that with proper 
managementit may become germ tight and that even when not as carefully 
operated as it should be it is often very nearly germ proof. Its function 
asasanitary safeguard is therefore of the highest importance, and that it 
has already attained great efficiency in this direction vital statistics abund- 
antly prove. 

I have already alluded to the fact that we owe to the State Board of Health 
of Massachusetts the first proof that bacteria may pass through a sand fil- 
ter, and to Fraenkel and Piefke the first proof that bacteria may pass through 
during the continuous filtration of water. More recently the State Board 
of Health of Massachusetts has been experimenting at great length upon 
the removal of disease, germs from the water of the Merrimac river as re- 
ceived at the Lawrence experiment station, both by intermittent and by 
continuous sand filtration. The results thus far obtained are highly satis- 
factory, and will soon be made public in the Report of the board. I may 
say, however, that it has already been found possible to remove all the 
germs of typhoid fever from the water of the Merrimac river by filtration 
through sand at a rate which readily places this means of purification with- 
in the reach of ordinary American cities. I would earnestly recommend 
to those interested in this subject that they fully inform themselves con- 
cerning the important researches in this direction now going on at the Law- 
rence experiment station of the State Board of Health of Massachusetts, 
under the direction of Hiram F. Mills, Esq., the distinguished hydraulic 
engineer, who is a member of the Board and Chairman of its Committee on 
on water supply and sewerage. 


SAND FILTRATION OF THE WATER SUPPLY OF LONDON. 


I have kept for the last the most important example of sand filtration in the 
world, nameiy, that of the public water supply of London. The water sup- 
ply of London gradually became so objectionable that in 1852 it formed the 
subject of legislative interference which was destined to have a far-reaching 
iufluence not only upon London but upon the whole of Europe. In this year 
was passed the now well-known Water Act, which provided for a Metropolitan 
supply, granting the privileges of such supply to eight private companies, but 
requiring them to locate their intakes on the Thames above the influence of 
tidal flow and above the influence of London sewage, and prescribing effec- 
tual filtration. A portion of the Act runs as follows : 


“From and after 31st August, 1855, every reservoir within a distance ina 
straight line of St. Paul’sshull be roofed or otherwise covered over, except 
storage reservoirs for collecting the water before filtration, and except reser- 
voirs for water used for street cleaning or fires, and not for domestic use. 

“From and after 3lst December, 1855, every company shall effectually filter 
all the water supplied by them within the metropolis for domestic use, except- 
ing any water which may be pumped from wells into a covered reservoir or 
aqueduct without exposure to the atmosphere.” 
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Instead of entering upon a detailed description of the London filters, 
which would require more space than I can command, | have ventured to re- 
produce in reduced fac simile one of the monthly reports upon the London 
Water Supply, taken at random, namely, that for May, 1892. This will be 
found in the Appendix to this paper, and upon pp. 4-7 of the Appendiz is given 
a concise tabulated and comparative statement of the system, its extent, the 
depth of the filters, the amount of storage capacity, etc., etc., which has 
seemed to me peculiarly valuable inasmuch as it gives im great detail a. 
description of the means by which the greatest, and probably the health- 
iest city in the world is served with drinking water, chiefly through sand 
filtration. The population supplied is mow about 6,000,000, and the area of 
the sand filters employed for London is 1093 acres, 

It ought to be said that the water supply of London*is still in the hands of 
the eight water companies to which it was given in 1852; and, furthermore, 
that extreme care is taken tosecure, as faras possible, the cleanliness of 
the Thames by a special Board, the Thames Conservancy Board, which pro- 
tects the purity of the water above the intake. By more recent acts these 
companies are required to submit the filtered water to the examination 
of an expert chemist employed by the Metropolis, though they also employ 
on their own part other chemists, For many years the chemist for the city 
has been Dr. E. Frankland, from whom a report appears in the fae simile, as 
does also one from the companies’ present chemists, Messrs. Crookes and 
Odling. 

I have introduced this (reduced) fac simile principally to show the great care 
and pains taken to secure for London a pure water supply. It naturally 
follows that the cost is also great. But Iam of the opinion that the last place 
for economy should be in the matter of a supply of pure drinking water; and 
I believe that the time is at hand when American towns and cities must have 
pure drinking water at whatever cost. To accomplish this will require in 
many cases not only increased expenditure but also more expert administra- 
tion.* 


I have now given some account of the present theory and practice of sand 
filtration, and it only remains to consider its results, These are so obvious 
and so important as to challenge our attention and compel our admiration. 
The most convenient standard that we have for measuring the sanitary effect 
of a water supply is the mortality of the community from diarrhoeal diseases. 
The reason for this is that these are naturally the diseases which contaminate 
sewage and which might be expected to travel in sewage-polluted drinking 


*Those who wish to read further concerning the Water Supply of London may consult 
the following: Quarterly Review, 1892, p. 63. Nineteenth Century, 1892, p. 224. Contemporary 
Rewew, 1892, p. 26. Fortnightly Review, Vol. 36, p. 378. The Monthly Reports on the Metropolt- 
tan Water Supply. The Annual Reports of the Local Government Board. In the paper in the 
Quarterly Review jwhich contains much of value] further references will be found. I would 
also refer the reader upon the subject of filtration to Kirkwood’s most valuable Repert on 
the Filtration of River Waters, New York, 1869. ‘ 
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waters. Good examples of these diseases are Asiatic cholera and typhoid 
fever. The eruptive diseases such as measles, scarlet fever, and small pox, or 
the throat diseases such as diphtheria, cannot be expected to travel so readily 
in this way. Of all the diarrheal diseases, typhoid fever is the best standard 
for our purposes, and I know of no disease which offers so good a measure 
of the sanitary condition of a community in respect to its water supply as 
this does. If now we compare the death rates from typhoid fever of such 
cities as London and Berlin having (in great part) river supplies filtered 
through sand, with those of American cities such as Philadelphia, Albany, 
Cincinnati, St. Louis, Lowell and Lawrence having similar supplies unfil- 
tered, we shall find avery great difference in favor of filtration. Some of 
the results of such a comparison are given in a recent paper by Mr. Allen 
Hazen and myself, upon Typhoid Fever in Chicagg.* 

From a careful study of the figures and diagrams there given it will ap- 
pear that London and Berlin compare very favorably with cities having 
great storage reservoirs, such as New York, and it is a fact that London has 
a death rate from this disease as low as that of many cities having unobjec- 
tionable supplies. I may also refer again to the results of Korosi’s studies 
upon Buda-Pesth, (see above, p. 105), while Bertschinger has shown in his 
latest paper, referred to above, that with sand filtration of its water supply 
Zurich has become much less affected with typhoid fever. Thereis no 
reason to doubt that if Paris could subject the water of the Seine to sand 
filtration before delivering it as it occasionally does to the citizens for drink- 
ing purposes, many deaths in that city from typhoid fever might be 
avoided. 

Postscrrpt—One of the most striking phenomena of the recent cholera 
epidemic in Hamburg was the exemption of the closely connected city of 
Altona. Both are on the Elbe. Both use the Elbe as the source of their 
water supplies. But in Hamburg the only system of purification is the use 
(nominally) of settling basins. In Altona the water is purified by sand 
filtration. The Hamburg system is overworked and the water is scarcely 
allowed to settle atall. The death rate from typhoid fever has for years 
been high in Hamburg. During the recent epidemic of cholera Hamburg 
suffered severely while Altona, though very near it,on the same side and 
below it on the river, was virtually exempt. 

Plate IX., (after Reincke) may serve to give a good idea of the remarkable 
instance furnished by Hamburg on the one hand, and Altona-Ottensen on the 
other. Fig. 1 shows the general situation of Hamburg, the main sewer outfalls 
of Hamburg and Altona, and the position of the intake of the Hamburg water 
works. Fig. 2 shows the intimate relations of Hamburg and Altona and also 
the location of the intake and the sand filters of Altona-Ottensen, some eight 
miles down the river at Blankenese. During the cholera epidemic of 1892, 
Hamburg with a population of 622,530 had 17,975 cases and 7,611 deaths from 
Asiatic cholera. Altona with a population of 143,000 had during the same 
period 562 cases and 328 deaths. The intake of the Hamburg water works is 


*Engineering News, April 21, 1892. 
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about two miles above the city, but, itis said, not so far that the flood tide 
may not carry to it the sewage of Hamburg-Altona. The Elbe at Blankenese 
contains all the impurities present at the Hamburg intake, plus the sewage of 
Hamburg and Altona. Yet Altona suffered but little from cholera while Ham- 
burg suffered severely. The Imperial Board of Health of Germany, in a 
recent publication, attributes the comparative exemption of Altona to.the fact 
that its water supply was effectually protected throughout the epidemic by 
sand filtration. 

On the other side of Hamburg from Altona lies the city of Wandsbeck (see 

Plate [X., Fig 1) with a population of about 20,000. Although it adjoins 
Hamburg it enjoyed an exemption similar to that of Altona, having had only 
64 cases and 43 deaths from the cholera. Moreover, in the case of Wandsbeck 
and Altona there was every"reason to suppose that the cases which did occur 
were imported from Hamburg, and not due to the local conditions. According 
to the Imperial Board of Health Wandsbeck is supplied with water, not from 
the Elbe, but from two inland lakes, the water from which is first subjected 
to thorough sand filtration and then delivered to the citizens. It is further 
stated that during the epidemic the sand filters of Altona were carefully 
watched and were worked at a low speed in order to secure complete protec- 
tion against the disease. 
It is cited by the same authority as a proof that the Hamburg water supply 
was infected that certain streets of Hamburg adjoining Altona were served 
by the Altona water works, and that these streets remained unaffected 
during the epidemic. Soalso did a portion of the garrison at Hamburg 
which used well water of good quality, while another portion supplied with 
the Hamburg water was attacked with cholera. As the very latest example 
of the beneficent sanitary results of sand filtration, the case of Altona is 
well worthy of the most serious consideration. 

. Those of our American cities, such as Chicago, Philadelphia, Albany, 
Lowell and Lawrence, which regularly supply to their citizens fecalized 
water, ie, water liable to contain bowel discharges, may reasonably feel no 
small anxiety after the sad experience of —* with fecalized water in 
1892. 
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REDUCED FAC-SIMILE OF 
THE REPORT OF 


THE METROPOLITAN WATER SUPPLY. 
LONDON, ENGLAND. 


MAY, 1892. 


REPORT on the Condition of the Metropolitan Water Supply 
during the month of May 1892, by the Water Examiner 
appointed under the Metropolis Water Act, 1871. 


The results of the Census of 1891 have shown that estimates of the increment of the 
pate | Seen lone for, at any rate, the later years of the decennium 
1-1891, on the actual increments of, the decennia 1861-71, 1871-81, which 
which have been used to some extent by the Metropolitan Water Companies in calcu- 
lating the populations —_ lied by them, have been largely in excess of the actual 
increment. Since the pu Ficati ion of the preliminary census report and tables, the 
East London and Grand Junction Companies have furnished retur.s, in which large 
reductions in the figures of Fae see supplied, as compared with earlier returns, have 
been made. Moreover evi 


The Thames water at Hampton, Molesey, and Sunbury was in good condition during 
the whole of the moath. At its highest point the water was 6 inches above, and at 
its lowest point 3 inches below the average summer level. The total rainfall during 
the month at West Molesey was 1°27 inches. 

The average daily supply delivered from the Thames during the month was 
98,925 ; from the Lee, 59,085,636 ; from springs and wells, 
80,160,144 gallons ; from ponds at Hampstead and Highgate, 287,41 ons. The last 
is used for non-domestic purposes m4 f The daily total was, ‘ore, 188,458,526. 
a = tion ing 5,579,111, representing a daily consumption per 

of 33°78 for all purposes. 


The relative proportions of the supplies from the above various sources were as 


From the Thames 52:49 per cent. 
» Springs and wells - - - Ma 


» ponds - - O15 ” 


. 
| 
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Water Supply has ew rise to doubts in regard to the accuracy in other respects —- 
of the statistics of houses, and water, supplied by some of the 
to the Water Examiner. subject is admittedly a difficult and complicated one, — 
and even when the greatest care is exercised estimates can only be considered approxi- | a 
mate. As the -— is undergoing competent investigation the figures grven in a 
this report and tables which follow must be considered to be, in the respects — 
referred to, merely provisional and liable to considerable modification hereafter. —_— 
2 72462. 3507/92. A 
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The following statement com in the case of each Company, the number of 
gallons per head per Gay supplied during the month, with the number “supplied during 
the same month of the previous year :— . 


East London - 
Geand Junction = - - - 
Lambeth - - - - - 
New River - - - 
Southwark and Vauxhall 
West Middlesex - - 30-79 


The total number of houses supplied by the Water Companies during the month 
was 784,643, representing an increase of 1,275 supplies on the previous month. 
The total supply divided by the number of houses shows a daily average of 240 
gallous for each tenement. A 
house supplies on the constant system 


In the following statement the per-centage of 
y's district on the 31st December 1891, and at the end of the month 


in each Com 
are 


Bist Dee. 1891. Sist May. 1892, 

- | 23 percent. - | 

East Londea - , 
Grand Junction - - - “iB 
Kent - -|6 » 
New River - | 
Southwark and Vauxhall - 


The general result of the joint operation of the Com and Authorities is shown 
by an increase during the month to the extent of 5,159 in the.number of houses on 
constant supply, making the total 522,298, or about 67 per cent. of the total number of 
houses supplied. 

The jo of miles of streets containing water-pipes constantly charged: in each 
Water Company's District within the Metropolis is as follows :--Chelsea, 80; East 
London, 185; os Junction, 85}; Kent, 158}; Lambeth, 171; New River, 308 ; 
Southwark and Vauxhall, 160; West Middlesex, 120}; Total 1,268 miles. Throughout 
this extent of streets, hydrants for fire purposes can be fixed. 

A comparison of the number of miles of streets with mains constantly cha us 
entered-in column 19 of the table following, with the number of public hydrants 
returned in column 20, will show what a rg has been made within the Metropolis 
in meeting requirements for the more efficient protection of property from fire. 

From the statement given by Dr. E. Frankland in his report on the analyses 
undertaken by him the month on Board, it 
appears that organic carbon was present in the samples of filt water analysed 
him, in proportions ranging for any unit of weight from 0‘021 units to 0-196 Po : 
in every 100,000 units of the water. The chemists carrying out analyses for the 
Water Companies show by their results, which are recorded in the Appendix, propor- 
tions of organic carbon ranging from 0-048 units to 0-143 units in every 100,000 


units of the water. 

The proportions of brown tint in samples observed in a 2-foot tube, ascertained by 
their comparison with a standard tint of brown to 20 mm. in thickness of blue 
tint, in the manner described in the report for October 1887, ranged from 1 mm. to 


1] mm. 
Referring to the report of the Companies’ chemists, it will bo scen that the water 
of the Southwark and Vauxhall Company showed the highest average amount of 
organic carbon, while that of the New River Company showed the lowest amount. 
The analyses made by Dr. Frankland on behalf of the Local Government Board 
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showed that the sample of water drawn from the mains of the Southwark and 
Vauxhall Company contained the highest proportion of organic carbon, and that of 
the Kent Company the lowest. es 

The water of the Southwark and Vauxhall Company exhibited the deepest average 
tint of brown. 

In the- following table the circumstances under which filtration was carried out 
during the month by each Company are compared, and-the condition of the samples 

ted. 


of water is also indica‘ 


Filtering Thiekness of Sand. 
=, | 
Names of Companies. a cleaned 
rereg® Maximam. | Minimam. Square Foot daring 
=. Moth. 
Acres. Fe. in. Ft. in. Gallons. Acres, 
Chelsea - - 0°68 46 40 1 2 
East London -| 20 it 29 
Grand Junction - - - 0°96 20 18 1 
Iambetth - - - - - 0°48 30 24 
New River - 0°50 23 15 
Southwark and Vauxhall = - - - 0°55 30 19 1 14 
Weet 0-88 1 16} 


The water delivered by the Chelsea, East London, Grand Junction, Lambeth, New 
River, and West Middlesex Companies, was found on examination to be effectually 
fiite The water of the Southwark and Vauxhall Company at Battersea Works 
was also effectually filtered. The water issuing from the filters of this Company at 
Hampton on the 23rd of May contained suspended matter consisting mainly of 
vegetable fibre. Three-eighths of the available area of filters were thrown out of use 
for cleaning. 

The following statement shows the number of days’ su; represented by the capaci 


The the Companies, in regard to their means of 
avoiding the introduction of -water to their must, however, be qualified in 
certain cases to a considerable extent. The New River Company avails itself largely 
of well-water, and the River Lee, above its intake, is less fouled by floods than it is 
lower down the valley. The Southwark and Vauxhall, and the Grand Junction Com- 
panies, have the resource, during floods, of pumping from the gravel beds adjoini 

the Thames, and this is practically equiva:ent to an addition to their provision 

storage-reservoirs. - Nevertheless, under existing circumstances, turbid water must of 
necessity be sometimes admitted, and filters are then overtaxed. The Southwark and 
the construction of additional filters at Hampton, 


¥ Company are engaged in 


Tn the tabular statement which follows, details are given under 26 heads in reference . 
to the sub noted on above, as well as a number of others of interest which relate 
to the appliances and works of the Companies dealing with the Metropolitan Water 


ly. 
of Dr. E. Frankland, F.R.S., o2 the analyses undertaken by him 
the month, on behalf of the Local Government Board, will be found at page 8 
the Appendix to this Report; and is followed by a communication addressed to the 

ial Water Examiner by Messrs. Wm. Crookes, F.R.S.,and Wm. Odling, M.B., 
F.BS., with reference to the results of analyses undertaken by them at the instance 
of the Directors of the Seven Water Companies deriving their supplies from the Thames 
and the Lea. No analysis of the water supplied during the month has been furnished 
by the Kent Company. 
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> 
East London - - 187 
Grand Junction - - - 35 
Lambeth - - - 65 
New River - - - §1 
Southwark and Vauxhall - - 35 
West Middlesex - - a 
sad Tapid progress 18 made. 
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: Intake. | Situation of Works. it }- 
ay Gallons. | Gallons, 3 ane 
| ‘Total of Chelona} | «| 
| — - - - - - 
Waltham Abbey - - - -|- - 
Baling - - - — 
: — | 43,609| seaeve| 5| a7 | 64,800,000 
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23,022,000 | 17 2,261 326 


W.0., 


A. ve OC. Scorr, 
Water Act, 1871. 
2nd July 1892. 
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APPENDIX. 


Report of the Results of Analyses of the Metropolitan Water 
Supply undertaken during May 1892 by Dr. E. Frankland, 
F.R.S.; on behalf of the Local Government Board. 

Water-analysis Laboratory 
The Reigate, 

dn, - 6th June 1892. 

I wavg to report to you the results of the chemical analysis and of the 
physical and bacteriological examination of the waters supplied to the inner, and 
portions of the outer, circle of the Metropolis during the month of May. 

At the request of the Associated Metropolitan Water extended 
these monthly examinations to (a) thé chemical and bacteriological condition of the 
raw river waters at the intakes of the various Companies, and (b) to the bacteri 
of the water as it issues from the filter beds of each pany, and before it is pumped 

I append, also, the its obtained in lyses waters supplied to 
Birmingham and Glasgow by their 7 ive Corporations. These analyses were 
made by Dr. Hill of Birmingham and Dr. Mills of Glasgow. 

Taking the average amount of organic impurity contained in a given volume of 
the Kent Company’s water during the nine years ending December 1876 as unity, the 

portional amount contained in an equal volume of water supplied by each of the 

Potro litan Water Companies and by the Tottenham Local Board of Health was :— 

Kent 0:6, New River and Colne Valley 1:1, Tottenham and East London Geep-well) 

1:3, East London (river supply) 1°9, Chelsea, 2°1, West Middlesex and Grand Junctien 

2-2, Lambeth 2°3, and Southwark 2:5. The untreated river waters gave the followi 

numbers :—New River cut 1:5, River Lea at East London Company’s intake 2-9, 

Thames at Hampton 3°4. 

The water abstracted from the Thames by the Chelsea, West Middlesex, Southwark, 
Grand Junction, and Lambeth Companies was again, for river water, of a high degree 
of organic purity, being even superior. in this respect, to the samples drawn in April. 
It consisted, in fact, chiefly of spring water discharged from the chalk and oolite. It 
was efficiently filtered before delivery. 

The water taken chiefly from the Lea by the New River Company again ranked 
with the deep-well waters in respect of organic purity, whilst that supplied from the 
game source, but lower down the stream, by the East London Company was superior 
to the best of the Thames waters. Both a were efficiently filtered. 

The deep-well waters of the Kent, Colne Valley, and East London Companies, and of the 
— of were ~ dietetic use, that of tho 

t ny being especially distingui or its very high degree of organic purity. 

The Colne Valley Company’s water, having been softened before delivery, was od aa 

suitable for washing. All these waters were clear and wis without filtration. 

Seen through a stratum two feet deep, the Kent, Colne Valley, Tottenham, and East 
London ew waters were clear and colourless, the New River clear and nearly 
colourless, whilst the remaining waters were clear and pale yellow. The crude river 
waters presented the following appearances:—New River cut turbid and very pale 
yellow, the Lea at the East London Company’s intake and the Thames at Hampton 
turbid and pale yellow. 

i . Koch’s process tine ture gave the following results. 
One cubic ofeach water collected on Ma 20th and 21st developed the 
following nambers of colonies of microbes :—West Middlesex and Lambeth 4, South- 
wark 8, River and East London 10, Chelsea 12, and Grand Junction 24. Of the 
untreated river waters, one cubic centimetre of the water from the New River cut 
developed 158, the Thames at Hampton 631, and the Lea at the intake of the East 
London Com; 4,526 colonies of microbes. ; 

Dr. Hill, Fro, the Medical Officer of Health for Birmingham, reports that the 
water supplied to that city was “clear and of good colour, and the organic elements 
were less than have been for a year.” 

Dr. Mills, F.R.S., of the Glasgow and West of Scotland Technical College, reports 
that the water supplied to that city from Loch Katrine was “ light brown in colour 
and contained a little suspended matter.” 


I am, Sir, 
our obedient Servant, 
(Signed) - HE. 
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To the Secretary. 

Whitehall, 8.W. 
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The subjoined communication, with the succeeding three tables, have been 
received by the Metropolitan Water Examiner from the Chemists carrying out analyses 
on behalf of the Directors of the Water Companies deriving their supply from the 
Thames and the Lea :— 


London, June 11th, 1892. 
We submit herewith, at the request of the Direotore, the resulie of our analyses 
of the 182 sam es of water co by us during the past month, at the several 
and on several days indicated, from the mains of the seven London Water 
panies taking their supply from the Thames and Lea. 
In Table I. we have recorded one taken daily, 
anic matter, m Mm processes ; 


We Oe iain tint of the several samples of water, as deter- 
mined by the colour-meter described in a previous report. 

In Table III. we have recorded the oxygen required to oxidise the organic matter - 
in all the samples submitted to analysis. 


Of the 182 sam examined, three were found to be turbid; the 


not found to differ appreciably from during two or three months 
preceding. The proportion of organic io es present in the water—noticeably low 
throughout—was found to be ed a little higher in the March supply than i ge that of 
February, but lower in that of A and still lower in tha ‘ot ag >a 
month; this statement applicable both to the Thames-derived and the 
derived supplies. 


The following Table shows the smallness of the. proportion of organic matter present 
in the Thames-derived supply, taken for illustration, and the successive but not 
important decrease in its ion during the past three months. With the coming 
on, however, of any considerable rainfall, a corresponding unimportant increase in the 

proportion may be anticipated. The maximum —— of organic carbon met with 
fn any one of 536 samples examined during the past three months, or 0°188 part 
,000 parts of the water, corresponds as nearly as may be to a little over three- 


10 

Means. Means. Maxima. 
: March : 20 +043 +188 

April : 20 +038 “M47 
May - 4:7: 20 143 
We are, Sir, 

; Your obedient Servants, 

WILLIAM CROOKES. 
WILLIAM ODLING. 
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ERRATA. 


The electrotypes for plates 3, 4 and 5, accompanying the paper on the New 
London High Service were kindly loaned by the Engineering News, credit in. 
the proper place being omitted by an oversight. 

In the paper on The Purification of Drinking Water, by Prof. Wm. T- 
Sedgwick, published in the December number, Plate VIII. was omitted through 
a failure of the parties making the plate to deliver it in time for publication. 
The plate is included in the present number. 


The editors offer an apology for the discolored edges of a few sheets in the 


present number, due to a fire in the bindery. 
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